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Dear Mr. Hopper, 
I have the pleasure to transmit to you the report on Sustainable 
Agricultural Production: Implications for International Agricultural 
Research. The report grew out of the response of the Group to TAC's 
study on CGIAR priorities and future strategies which suggested that the 
sustainability of agricultural productfon would require continuing 
attention. 
The report attempts to characterize the circumstances which 
threaten or contribute to sustainability in agricultural production. It 
also summarizes pertinent current activities of the CGIAR Centres and 
makes recommendations for their future. 
TAC wishes to acknowledge the contribution to the final report of 
a group of 25-30 experts from CGIAR and non-CGIAR Centres, as well as 
from the donor community, who participated in a workshop in January 1988 
which discussed sustainabilfty issues in a global context. The 
Committee also wishes to recognize the achievements of the Centres and 
to applaud their willingness to make further efforts in response to 
evolving needs of sustainable agriculture in developing countries. 
In submitting the report to the Group, TAC underscores its 
conviction, that the relevance of international research will continue 
to depend on the ability of the Centres to meet the difficult challenge 
of reconciling growing food needs with sustainable agricultural 
production. 
Yours sincerely, ' 
Alex F. McCalla 
Chairman 'TAC 
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Chairman, CGIAR 
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FOREWORD 
Much of the work of the Centres in the CGIAR has, histori$ally, 
been concerned with developing techniques that would contribute TV 
sustainable agricultural systems. However, TAC in its paper on CGIAR 
priorities and future strategies, published in 1987, stressed the need 
for even greater emphasis on sustainability, The CGIAR concurred and 
requested TAC ta give further consideration to how suqh an objeqtive 
could be achieved. 
Acting on this request, the Chairman of TAC in late 1986 
appointed a “sustainability” sub-committee compose! of the following: 
Drs. de Wit, Nahal, Odhiambo and York (Chairman). Dr. van Urff also 
worked closely with the sub-committee in its earlier deliberations and 
Dr. Arnold joined the sub-committee in mid-1987, playing a vital role in 
developing the final drafts of this paper, 
The sub-committee agreed to respond to its charge by developing 
a comprehensive paper which would characterize the problems of 
sustainability in agricultural production systems and develop 
recommendations for CGIAR strategies to address these pr~blems~ 
The IARCs, both in and out of the CGIAR System, ype gsked fo ’ 
provide specific information on the subject+ Other international 
organizations such as FAO and UNEP were also invited to COUUWP~. 
Drafts of the paper, prepared by the subrqomm/ttee, were 
considered by TAC during its 43rd and 44th meetings (June and October 
1987) and were circulated to both Centre Directors and Chairmen of 
Centre Boards of Trustees. A draft was also ciroulated to members of 
the CGIAR during Cqtres Week in October 1987. Moreovq, seyeral other 
organizations, concerned with resource conservaqi9o and eqv$rannmqqtal, 
issues, received drafts for review and cement. 
In mid-January 1988 TAC sponsored a 3 l/2 day sustainability 
workshop ie Rome. In addition to the TAC Chairman and members of the 
sub-committee, there were 23 participants: 
community ; 
4 from the CG;A;r;nor 
8 from IARCs, both in and out of the CGIAR; 
international organizations such as FAO, UNEP and the World Bank; 
and 5 from national agricultural research programs. The partiqipantp 
were invited in their personal capacities, 
An annex to the paper includes a summary of the responses of 
CGIAR and non-CGIAR Centres concerning their view of sustainability 
problems, what each Centre is currently doing to address these problemst 
and what additional action might be needed. opportunities ITor 
collaboration between CGIAR and non-CGIAR Centres are also addressed. 
This material provides valuable insights into how International Centres 
view the problems af sustainability. 
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The current paper, approved by TAC in March 1988 and now 
presented to the CGIAR for its consideration, reflects the valuable 
input from the many individuals and groups involved in the process 
during the past year. 
The paper is addressed primarily to the CGIAR and its role in 
international agricultural research. It recognizes, however, that many 
of the problems identified cannot be solved by CGIAR institutions or 
through agricultural research alone. While focussing on the role of the 
CGIAR, it emphasizes that national governments and their research and 
development services must bear the brunt of the problem in the 
developing world. It also stresses the fact that both developing and 
industrialized countries face serious problems of agricultural 
sustainability. Moreover, it urges both bilateral and multilateral 
donors to give high priority to agricultural sustainability in their 
support of developing -country programmes. 
IX 
SUMMARY 
From its inception, a major goal of the CGIAR l/ has been to 
increase food production in developing countries. Much-of the work it 
supports has also been concerned with sustaining production for the 
needs of future generations. 
In its study of CGIAR prorities and future strategies, TAC 
recommended that the word "sustainable" be included in the System's goal 
statement and that greater emphasis be placed on sustainable production 
systems in future work of the Centres. In this paper, TAC reviews the 
circumstances threatening sustainability, analyzes ways in which 
international research could be more effective, and makes recommendations 
for the future work of the Centres. 
TAC's Concept of Sustainability 
A dictionary definition of sustainability refers to "keeping an 
effort going continuously, the ability to last out and keep from 
falling". Such a definition suggests that agricultural systems would be 
sustainable if production could be maintained at current levels. This 
would be a static concept of sustainability. But sustainability should 
be treated as a dynamic concept, allowing for the changing needs of a 
steadily increasing global population. In the static sense, many 
traditional agricultural production systems were sustainable for 
centuries in terms of their ability to maintain a continuing, stable 
level of production. However, the needs and growing aspirations of 
increasing numbers of people have forced changes in production practices 
that have imposed excessive demands on natural resources. 
Within this context, sustainable agriculture should involve the 
successful management of resources for agriculture to satisfy changing 
human needs while maintaining or enhancing the quality af the 
environment and conservins natural resources. 
Trends in Agricultural Production 
Characterized in this way, sustainability should be considered 
in the light of past and current trends in agricultural production. 
Aggregate statistics look very positive in terms of food 
production in developing countries in the 30-year period from 1950 to 
1980. During this period, food production in the Third World grew at a 
compound rate of 3% annually. Per caput food production in the 
developing world also improved, growing at a compound rate of 0.6%, even. 
though populations grew rapidly during the same period. 
11' A List of Acronyms is given in Annex II. - 
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Despite this remarkable progress in expanding food production, 
the needs for further improvement continue to mount. Food deficits 
remain critical in Africa, where per caput food production has dropped 
by almost 20% in the last quarter-century. Furthermore, despite the 
overall increase in per caput food production in the developing world, 
it is estimated that half the population cannot afford a diet that meets 
the minimum energy needs for a healthy, active life. Consequently, 
increased incomes are needed as well as increased production. 
Difficulties in Maintaining Progress in Food Production 
For the foreseeable future, there is much evidence to suggest 
that it will be difficult, but by no means impossible, to maintain the 
rate of progress in food production in developing countries, which has 
been realized during the past 20-30 years. It is doubtful, for example, 
whether those regions that have benefitted from the green revolution in 
rice and wheat production can continue to enjoy the same rates of gain 
in productivity that have occurred in recent decades. Furthermore, it 
will be very difficult to extend the green revolution in rice and wheat 
to the other half of rice and wheat producers in the developing world 
whom it has not yet reached. 
In addition to the difficulty of sustaining the rates of gain 
in food production through the green revolution, many other limitations 
will make the realization of sustainable production extremely difficult 
unless remedies can be found and implemented. 
Population Growth 
On a global basis, agriculture must produce enough to feed some 
80-100 million additional people each year. The enormity of this 
problem is compounded by the fact that about 90% of this increase in 
population is occurring in the developing world. 
Expansion in the numbers of people increases the demand for 
cropland while simultaneously expanding the need to take land out of 
production to accommodate other requirements. Furthermore, expanded 
production in response to rising demand increases the pressures on those 
natural resources that are vital to sustain production, often with 
serious environmental consequences. 
Limited Availability of Land 
Globally, opportunities to expand the area of productive 
agricultural land vary with ecological, socio-economic and demographic 
circumstances. Consequently, in many countries, the growing demand for 
agricultural products must be met primarily by intensification, rather 
than by extending production into new areas. 
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The Determinants of Sustainability 
Production Systems 
Sustainability is determined by the complex interactions of the 
biological, physical and socio-economic factors that constitute the 
basis of all production systems. A comprehensive approach is therefore 
required to improve existing systems and to develop novel ones that are 
more sustainable. In particular, methodologies must be developed for 
studying, in quantitative terms, the spatial and temporal relationships 
of the components of complex systems, such as those involving 
agroforestry, their productive capacity, and the opportunities they 
present for the control of pests and diseases. 
Biological Determinants 
It is essential for future sustainability that work on the 
conservation of genetic resources should be continued. The preservation 
of obsolete crop varieties and animal breeds is vital for the success of 
future breeding programmes. National authorities should be encouraged 
to give greater attention to the conservation in situ of wild species of -- 
both plants and animals. 
If the needs for agricultural products of rapidly increasing 
populations are to be met, both yields per unit area and per unit time 
must be substantially increased. Such intensified production favours 
the build-up of pests which, unless adequately controlled, seriously 
limit productivity. Although there is wide variation, it is estimated 
that pests account for field losses of some 35% of the potential 
production of major food crops, with the greatest losses occurring in 
the developing countries. 
The long-term control of pests is also threatened by break-down 
in the effectiveness of pesticides and host-plant resistance because of 
mutation of the pests. The research required to maintain the levels of 
control already achieved is important for the achievement of 
sustainability. 
The sustainability of animal production depends partly on 
finding improved methods of controlling diseases and parasites, and 
partly on improving nutrition. To enhance productivity and avoid over- 
grazing, balanced production systems involving both crops and livestock 
are required. 
Physical Determinants 
Soils. No single resource is more important to achieving a 
sustainable agriculture than the soil which contains essential 
nutrients, stores the water for plant growth, and provides the medium in 
which plants grow. Soil erosion is already serious in some parts of the- 
world, while in many others it has increased to the point where losses 
exceed the formation of new soils through weathering. When this occurs, 
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the soil is, in effect, being mined, converting renewable resources to 
non-renewable ones. Loss of topsoil through erosion causes loss of 
fertility and deterioration of Physical properties, resulting in a 
decline in productivity. 
Population pressures are contributing to other difficulties in 
maintaining soil productivity. As fuelwood supplies are diminished, 
expanding populations in many areas have become increasingly dependent 
on crop residues and animal manures for fuel, thereby reducing their use 
in replenishing nutrients and organic matter. 
Water. Globally, agriculture is the principal user of 
accumulated reserves of water. From historic times, irrigation has been 
used to help farmers to secure a reliable and timely supply of water for 
their crops. During the 1950s and 196Os, irrigated areas expanded at 
the rate of about 4% annually. By the early 198Os, the rate of growth 
had declined to less than 1%. 
Non-sustainable use of water, involving both the use of fossil 
water as well as the overdrafting of rechargeable aquifers, is occurring 
in a number of agricultural areas throughout the world. Irrigation 
water is often used inefficiently, with much more water transported and 
applied than crops require. Furthermore, poor irrigation practices 
result in severe problems of land degradation through water-logging, 
salinization or both. 
For those vast areas in developing countries that depend on 
rainfall for their agriculture, efficient use is just as important as 
for irrigation water. Inappropriate soil and water management under 
rainfed agriculture is one of the primary causes of land degradation. 
Atmosphere. Many human activities release harmful gaseous 
elements into the air, some of which give rise to acid-contaminated 
rainfall. Others damage the ozone layer exposing the earth to greater 
ultra-violet radiation. The combustion of fossil fuels and wood 
increases the concentration of carbon dioxide, giving rise to a warming 
trend and predicted changes in rainfall distribution, the melting of 
polar ice and thermal expansion of the sea. The detailed effects of 
these changes are difficult to predict, but at least some of them 
adversely affect the sustainability of agricultural production, either 
locally or generally. 
Hazardous Chemicals. Industry and its products cause a wide 
variety of chemicals to be released into the environment, many of which 
can be harmful. The large array of chemicals used by modern agriculture 
are also potentially hazardous, because they can be misused, or they may 
contribute to the accumulation of toxic substances in the soil, such as 
the cadmium contained in some deposits of rock phosphate. Natural 
problems of soil toxicity are also widespread in certain soil types and 
salinization is a hazard in many irrigation schemes. 
Energy. Traditional cropping systems such as shifting 
cultivation are sustainable only because they exploit for arable 
cropping only a fraction of the land used for maintaining its fertility. 
The energy efficiency is considerably less than unity. Although high- 
x1ni 
yielding production systems use considerably more energy, their 
efficiency of use is potentially much greater. By meeting the increased 
needs for agricultural products by growing more per unit area rather 
than by expanding the area of production, the use of one unrenewable 
resource (oil) is substituted for another (soil). For the foreseeable 
future, it can be argued that the cause of sustainability would be 
better served by saving soil at the expense of oil, rather than by 
conserving oil and degrading soil. 
Socio-economic and Legal Determinants 
The achievement of sustainability requires vigorous 
agricultural development which is often hampered by urban-biased 
development strategies. Consequently, agriculture IS deprived of the 
financial and administrative resources, as well as the political 
support, that its central place in the economy would justify. Farmers 
are forced into using methods that give immediate returns, the 
environment becomes degraded, and the investments needed to conserve 
natural resources become unattractive. 
In many developing countries, a weak infrastructure is a major 
constraint to the delivery of inputs and transport of farm commodities 
to market. Extending infrastructure helps to remove these constraints 
and allows further intensification of production in favourable areas, 
thus helping to reduce the pressure for increased prqduction in the more 
fragile environments. 
In many circumstances, the achievement of sustainability will 
require the use of purchased inputs such as seed, fertilizers, 
pesticides, implements and machinery. High prices and the lack of 
credit, as well as a poor infrastructure, often make them difficult to 
obtain. 
The development of effective agricultural research, extension, 
and education programmes is vital to the achievement of sustainability. 
Despite the high financial returns such investment yields, there is 
widespread evidence that they are underfunded in most developing 
countries. This often results in the inadequate development of human 
resources vitally needed to achieve sustainability objectives. 
Systems of land tenure that discourage producers from 
conserving natural resources and investing in the future productivity of 
the land may also limit agricultural development and the achievement of 
sustainability. Moreover, many countries have inadequate laws and 
regulations to control the use of land and to protect forests and 
rangelands from indiscriminate exploitation. 
Contributions by the IARCs to Research Belated to Sustainability 
TAC requested all the IARCs to provide information on their 
current research related to sustainability. The information is 
summarized in Annex 1. Chapter 3 gives examples of the wide-ranging 
research currently being undertaken on the various determinants of 
sustainability. 
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Recommended Strategies for Research Related to Sustainability 
within the CGIAR Svstem 
If sustainability in agricultural production is to become a 
reality, not only must the constraints that threaten it be alleviated, 
but major efforts must be made to increase productivity. TAC considers 
the challenge of finding timely and workable solutions to these problems 
as one which should receive the highest priority from all organizations 
that can make a contribution. 
Many of the circumstances that limit the achievement of 
sustainability, however, cannot be solved by the CGIAR or through 
agricultural research alone. It is national governments and their 
development services that must bear the brunt of the problems and on 
whose commitment progress in achieving sustainability depends. 
Nonetheless, continuing research is crucial for success and 
international research institutions. 
I 
as well as national aericultural 
research systems, must continually examine their programmes to give 
greater emphasis and visibility to those aspects that relate to 
sustainability. 
Although the resouces of the CGIAR are small relative to total 
global expenditure on agricultural research by the public sector, the 
Centres can have a disproportionate impact because of their ability to 
influence the nature of research at other institutions. Furthermore. 
donors and other comnonents of the CGIA ---a--- ~~ -~ - --~-R System can help to focus 
attention on sustainability, and encourage governments and relevant 
institutions to accord it high priority. 
Much of the work being undertaken by the Centres already 
relates, to a greater or lesser extent, to problems affecting 
sustainability. The questions that arise, therefore, are not so much 
whether the Centres are working to make agriculture more sustainable, 
but whether they should be doing more, whether there should be a 
different emphasis in the work and whether major restructuring of the 
approach is necessary. 
Research with a Sustainability Perspective 
TAC does not view research related to sustainability as a 
separate or discrete activity. Rather, concern for sustainability 
should be reflected in the way in which the research is approached. TAC 
therefore recommends that research at the Centres designed to generate 
agricultural innovations should be planned and conducted with a 
sustainability perspective. TAC further suggests that in formulating or 
revising their strategic plans, Centres should include proposals for 
maintaining a sustainability perspective throughout their programmes. 
Balance in Research 
Although productivity research includes many aspects of 
resource management, the strengths of the various components of the 
multidisciplinary approach must be kept under review to ensure an 
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appropriate balance. Plant breeding, for example, can continue to 
contribute much to sustainability, but must not dominate Centre 
programmes to the extent that other approaches are neglected. 
TAC recommends that Centres with commodity mandates review the 
balance of activities in their productivity research. Sustainability 
concerns may make it desirable, if not essential, for some Centres to 
give increased attention to research on problems of resource management. 
Centres should not be restricted from penetrating deeply into 
aspects of the natural or socio-economic environments that are important 
for, but not specific to, sustainable production of their mandated 
commodities. Accordingly, TAC does not see a need for major 
restructuring within the CGIAR System, but changes in emphasis will be 
required, as well as stronger institutional collaboration. 
Short-term and Long-term Objectives 
If the goal of sustainable agriculture is to meet the changing 
needs of people, research must clearly cater for both short-term and 
long-term needs. Nevertheless, Centres must be guided by the principle 
that stability of the environment should not be consciously sacrificed 
for short-term gains. The aim should be to devise technologies that can 
meet short-term requirements while, at the same time, maintaining or 
enhancing the ability to meet long-term needs. 
Levels of Inputs 
TAC considers that the Centres should give greater emphasis to 
research designed to optimize productivity from the use of low levels of 
purchased inputs, consistent with the requirements of sustainability. 
The aim should be to promote a gradual evolution towards greater 
productivity from balanced systems, which may require progressively 
higher levels of purchased inputs to ensure that the requirements of 
sustainability are met. At all levels, the aim should be to use inputs 
as effectively as possible. 
New varieties bred to make more effective use of scarce 
resources can aggravate the problems of soil mining unless nutrients are 
recycled as manure or plant residues, or replenished through the use of 
fertilizer. There are large differences, however, in the demands for 
nutrients made by different crops and different production systems. 
Cassava production systems, for example, are sustainable with very low 
external inputs provided they receive sound management. 
Centres should review the emphasis given to low-input farming 
in their research programmes, and increase it where appropriate. They 
should also review their approaches to research on low-input farming to 
ensure that the sustainability perspective is adequately taken into 
account. 
Public concern about sustainability in the industrialized 
countries arises partly from the use of high levels of inputs. Without 
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high-yielding production systems, however, it would be impossible to 
meet the food demands of the increasing world population unless more, 
but less suitable, land were brought into cultivation, further 
destroying natural ecosystems in the process. 
TAC considers that the use of high levels of industrial inputs 
can make imnortant contributions to sustainabilitv and recommends that 
high-input production systems and related policy issues be included in 
research programmes of the CGIAR Centres. TAC suggests, however, a 
selective approach to research related to sustainability in these 
systems to avoid duplicating research being done in the industrialized 
countries. 
Sustainability and Equity 
TAC reaffirms its earlier recommendation that the Centres give 
greater emphasis to the development of techniques that are especially 
applicable in less-endowed regions. In addition, TAC stresses that 
assessment of these techniques with respect to sustainability requires a 
thorough analysis of evolving agricultural policies in the domains of 
their application. 
Improved Production Systems 
There are dangers both in disregarding the principles of 
traditional production systems and in assuming that, because they are 
appropriate in some circumstances, they will remain appropriate in 
others. 
TAC encourages Centres to continue to investigate aspects of 
more intensive production systems based on sound ecological principles 
and the conservation of resources. Whenever appropriate, this work 
should include aspects of agroforestry. 
Advances in Biotechnology 
Centres must constantly assess, in relation to other needs and 
opportunities, how new techniques emerging from advances in the 
biological sciences might contribute to their work on sustainability and 
productivity. 
TAC considers that Centres involved in productivity research 
should have the capability to monitor advances in biotechnology and, 
when appropriate, develop the in-house capacity to use techniques that 
would assist their programmes in a cost-effective manner. 
Policy Research 
Policy research has a particularly valuable role to play in the 
CGIAR System through its intimate interaction with technological 
research. Although many problems of sustainability do not have 
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technological solutions, they lend themselves to policy research aimed 
at discovering those options most likely to favour sustainability. 
In its study of priorities and future strategies, TAC 
recommended a significant increase in policy research. TAC reaffirms 
this recommendation. 
Relations with National Agricultural Research Systems 
Centres could be very effective in encouraging 
agricultural research systems to give greater attention 
higher priority to considerations of sustainability, as 
helping to strengthen their capacity to do so. 
national 
and accord 
well as in 
TAC recommends that Centres give high priority to strengthening 
the capacity of national agricultural research systems to incorporate a 
sustainabilitv nersnective into their research aDDrOaCh. 
Training 
c 
incorporation of a sustainability perspective in training programmes, 
making adjustments, where necessary, to meet the needs of national 
agricultural research systems in this respect and taking steps to 
harmonize their approaches. 
The Role of Developing Countries 
Whatever help the Centres provide to national systems in 
research and training, success in achieving sustainability will 
ultimately depend on the commitment of the developing countries 
themselves. 
Collaboration with Institutions Outside the CGIAR System 
In view of the contributions the Centres can make to the 
solution of large-scale and long-term problems of sustainability, the 
need for effective collaboration is greater now than ever before, not 
only with national systems, but also among the Centres themselves, as 
well as with institutions outside the CGIAR System. 
TAC recommends that Centres continue to explore the potential 
for collaboration with other research institutions, including those in 
the private sector, particularly with a view to strengthening their - 
research related to sustainability. 
Research Needs and Resource Implications 
While the Centres and the national agricultural research 
systems already make important contributions to the solution of problems 
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related to sustainability, the total current effort is unlikely to be 
adequate. 
In view of the serious problems limiting the achievement of 
sustainability and the urgency for additional research to assist in 
their solution, TAC recommends that Centres review the priority accorded 
to sustainability in their budget allocations and increase it where 
annronriate. 
TAC considers that, because much of the required additional 
work relates to the protection of the environment and the conservation 
of natural resources, it might well be possible to widen the avenues for 
donor support for this vital new thrust, compared with support for 
productivity research per se. TAC will support the Centres in attempts -- 
to attract funding for well-conceived new projects related to 
sustainability. 
While many of the circumstances that limit sustainability 
cannot be alleviated through work supported by the CGIAR, members of the 
Group can bring their influence to bear in creating a greater sense of 
urgency amongst-all concerned. TAC suggests that the issue of 
agricultural sustainability has major implications for the further 
development of the Third World and, indeed, for future global security. 
TAC considers that the international donor community, as well 
as the governments of developing countries, have crucial roles to play 
in emDhasizine the need to consider sustainabilitv in allocatinn future 
resources and orientating future thrusts. 
Conclusion 
TAC has characterized sustainability in terms of the dynamics 
of population growth and resource conservation. The common challenge 
facing all concerned is to find ways of removing the impediments to 
sustainable agricultural production, whether the causes are technical, 
economic, social, institutional, political, or some combination of all. 
A significant part of this challenge rests with the 
International Agricultural Research Centres. Accepting it offers them 
opportunities for making unprecedented contributions to the global 
community, as they help to find solutions to serious problems that 
significantly affect the future of humanity. 
CHAPTER 1. NEED FOR SUSTAINABLE AGRICULTURAL PRODUCTION 
1.1. Introduction 
Globally, much of the increase in agricultural production prior 
to World War II resulted from horizontal expansion - by bringing more 
land into cultivation. The nineteenth century, for example, saw 
tremendous geographical expansion of agriculture. Vast new areas were 
brought into cultivation in North and South America, Australia, Asia and 
Africa. Improved irrigation systems opened large areas for cultivation 
in the Indian sub-continent and other regions in Asia. Such 
geographical expansion made possible steady increases in production to 
meet the food needs of populations that were both increasing and 
changing in their distribution. 
During the last half-century, however, there has been a sharp 
decline in the rate at which new land has been cultivated. In fact, 
cropland expanded at the rate of 1% per year during the 1950s but only 
at 0.3% during the 1970s (1). There is general agreement that most of 
the future gains in the production of food and other agricultural 
commodities must come from vertical expansion - from increasing the 
productivity of existing agricultural areas. 
While there have been remarkable gains in agricultural 
productivity in some parts of the world during the last two to three 
decades, there is growing concern in the global community that such 
gains cannot easily be sustained. Consequently, it may become 
- increasingly difficult for agriculture to meet the food needs of an 
expanding world population. 
1.2. The CGIAR's Concern with Sustainability 
From its inception, a major goal of the CGIAR has been to 
increase food production in the developing countries. Much of the work 
it supports has also been concerned with sustaining production for the 
needs of future generations. In its recent study of CGIAR Priorities 
and Future Strategies (2), TAC recommended that the word "sustainable" 
be included in the SystemPs goal statement and that greater emphasis be 
placed on sustainable production in the future work of the Centres. A 
comprehensive study of the achievements and potential of the Centres 
(the "Impact Study") also recommended that sustainability, as well as 
stability of production, should be criteria of performance, especially 
in the humid tropics. 
At its meeting in May 1986, the CGIAR took note of both sets of 
recommendations and expressed its own concerns about how the Centres 
could best respond to the challenges posed. The Group noted that the 
rehabilitation of areas that had lost their productive base should 
receive consideration and stressed the importance of relationships 
between the work of the CGIAR Centres and those non-CGIAR Centres that 
deal with key interacting environmental factors, such as soil, water, _ 
trees and shrubs. 
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Accordingly, TAC was explicitly requested to examine how its 
recommendations relating to sustainability could be implemented and 
monitored. This paper responds to that request. The first two chapters 
characterize the problems and set the global scene; the third outlines 
the contributions already being made through international agricultural 
research; and the fourth recommends strategies within the CGIAR System 
for progress towards sustainability. 
1.3. Concepts and Goals of Sustainability 
The Oxford English Dictionary indicates that sustainability 
refers to "keeping an effort going continuously, the ability to last out 
and keep from falling". Such a definition would suggest that 
agricultural systems would be sustainable if production or output could 
be maintained at current levels. This would be a static concept. But 
sustainability should be treated as a dynamic concept, reflecting 
changing needs, especially those of a steadily increasing population. 
In the static sense, many traditional agricultural production 
systems were sustainable for centuries in terms of their ability to 
maintain continuing, stable levels of production. However, the needs 
and increasing aspirations of expanding numbers of people have forced 
changes in land usage and imposed excessive demands on natural 
resources, making the modified farming systems unsustainable. The goal 
of a sustainable agriculture should be to maintain production at levels 
necessary to meet the increasing aspirations of an expanding world 
population without degrading the environment. It implies concern for 
the generation of income, the promotion of appropriate policies, and the 
conbservation of natural resources. 
Against this background, sustainable agriculture should involve 
the successful management of resources for agriculture to satisfy 
changing human needs while maintaining or enhancing the quality of the 
environment and conserving natural resources. 
In the above characterization - 
"successful" implies that the production system would 
generate adequate income and would otherwise be economically 
viable and socially acceptable; 
"management" includes policy decisions that might affect 
agriculture, made at all levels from national governments 
down to individual producers; 
"resources" includes inputs and manufactured items that come 
from outside the agricultural sector (i.e. agricultural 
chemicals, machinery, etc.); 
"changing human needs" suggests a continuing evolution 
without specifying any particular time horizon; 
"maintaining the quality of the environment" suggests that 
changes in the environment or the availability of natural 
resources should not threaten the capacity to meet changing 
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needs and that production needs should be met without 
unnecessarily damaging natural ecosystems. 
With thPs characterization of sustainability, the term 
"resource management" takes on a wider meaning. Research on resource 
management includes research on purchased inputs such as fertilizers and 
pesticides. Use of "resource management" in this sense would obviate 
the need for terms such as "factor research", which is ambiguous and 
even misleading, because the word "factor" can have different meanings, 
such as in economics. TAC therefore suggests that the term 
"factor-research" be dropped from the CGIAR vocabulary and that the 
expression "research on resource management" be substituted. Where 
greater specificity is required, "resources" could be subdivided, as 
appropriate, into "natural", "manufactured", "cultural", etc. TAC 
proposes this adjustment in terminology to facilitate future 
discussions. 
With such a necessarily broad characterization of 
sustainability, questions arise of how boundaries of responsibility 
might be delimited and how the achievement of sustainability could be 
measured and monitored. For both purposes, the broad concept of 
sustainability must be considered at various levels of complexity and 
then broken down into its various characteristics and determinants. 
Table 1 gives-a broad analysis of sustainability at four levels 
of complexity, each with its main characteristics and determinants. The 
determinants are described in chapter 2, while the measurement of 
sustainability is discussed briefly in chapter 4. 
It is important that sustainability should be clearly 
distinguished from stability. Stability implies limited change in the 
general sense, as in environmental stability. It can also be used to 
mean limited fluctuation, as in yield stability. Unstable yields caused 
by environmental fluctuations can, however, be entirely sustainable. 
Sustainability should also be distinguished from productivity. 
While an adequate level of productivity is necessary for sustainability, 
it is not by itself sufficient to achieve sustainability. 
The term "sustainability", as used in this paper, applies 
equally to all production systems that are dependent on the natural 
environment, including forestry, fisheries and aquaculture. While 
recognizing this broader context of sustainability, however, the present 
paper is concerned primarily with agriculture and agroforestry, i.e. 
with crop husbandry, animal husbandry, horticulture and production 
systems that include woody perennials. 
1.4. Environmental Degradation and Sustainability 
The increasing global interest in issues related to 
agricultural sustainability, such as that reflected in the report of the 
World Commission on Environment and Develqpment (3), grows out of 
concerns that many factors are contributing to degradation of the 
environment. Intensification of traditional agricultural systems to 
Table 1 - Analysis of Sustainability 
Level of analysis Typical characteristics of sustainability 
(cumulative) 
Typical determinants 
Field/production unit Productive crops and animals; conservation 
of soil and water; low levels of crop 
pests and animal diseases 
Farm 
Country 
Awareness by farmers; economic and social Access to knowledge, external inputs and 
needs satisfied; viable production systems markets 
Public awareness; sound development of 
agro-ecological potential; conservation 
of resources 
Soil and water management; biological 
control of pests; use of organic 
manure, fertilizers, pesticides, crop 
varieties and animal breeds 
Policies for agricultural development; 
population pressure; agricultural 
education, research and extension 
Region/continent/world Quality of the natural environment; human Control of pollution; climatic 
welfare and equity stability; terms of trade; distribution 
mechanisms; international agricultural research and development 
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meet growing needs often has undesirable environmental or ecological 
consequences, such as soil erosion, salinity, waterlogging and the 
contamination of aquifers. In attempting to understand the problems of 
agriculture, ecological principles are fundamental (4). 
Nevertheless, much current writing seems to imply that chemiqa$ 
inputs are bad, that biologicai inputs are good, and that small is 
always to be preferred. But agricultural practices are seldom 
inherently good, bad or appropriate. Their appropriateness is 
determined by the agro-ecological and socio-economic circumstances in 
which they are applied, If long-term sustainability is to be achieved, 
production systems must not only avoid further degradation of the 
environment, but they must also contribute to restoring and enhancing 
its productive capacity. 
1.5. Who Wins? Who Loses? Who Pays? 
While sustainability is a global problem, the environmental 
degradation affecting sustainability often results from action taken 
locally. An individual farmer may follow practices that are beneficla$ 
to himself but harmful to others. Furthermore s disregard for the 
environment in one locality, through deforestation or overgrazing, for 
example, may contribute to problems elsewhere through siltation of 
reservoirs and downstream flooding. Acid rain, resulting from 
environmental pollution by industry, may affect sustainability in areaa 
distant from the source of the pollution. Indeed, action taken in one 
country may adversely affect the natural resources of another. 
A related question is who should pay for the effort to avoid oo 
correct problems affecting sustainability? The returns from various 
soil conservation practices, for example, may not be immediately 
obvious. Should farmers expect to pay the total cost of such measures9 
Or should the costs be borne by society as a whole as an investment in 
the future? In many countries, governments are sharing in the costs of 
conservation measures undertaken by farmers, a practice that may have fo 
be intensified and more widely applied in future. 
1.6. Present and Future Considerations 
The foregoing discussion touches on another issue - the choica 
between conserving a resource for future use and its exploitation to 
meet current needs. Farmers and communities respond to this dilemma 
according to their perceived needs and cir,cumstances. Some condone the, 
exploitation of fossil reserves of fuels and water, for example, on the 
grounds that science will keep ahead of needs and provide alternative 
sources. Others justify the exploitation of natural resources, on the 
grounds of dire necessity. The problems are complex and the attitudes 
of farmers and governments are crucial. 
Subsistence farmers with very limited resources usually have a 
short-term planning horizon. Increasingly, they are driven by 
population pressure, to exhaust the soil, leading to deteriorating 
productivity, poorer nutrition and a potentially shorter life-span. In 
general, it is only when incomes increase that longer-term benefits can 
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be accorded greater value and sustainability can feature more 
prominently in the decision-making process. 
Governments of developing countries may well be faced with 
similar problems. Their priorities are often dominated by short-term 
constraints relating to the budget or balance of payments. Adequate 
provision for the future may be precluded by the urgency of short-term 
needs, thus leaving farmers to fend for themselves in matters of 
sustainability until greater national prosperity is achieved. 
1.7. External Inputs 
Agricultural production systems can be characterized by the 
degree to which they use external inputs. At one end of the scale are 
more traditional agricultural systems that require few external inputs 
and produce little more than subsistence needs. Although there are 
exceptions, most of these "closed" systems (5) operate at a low level of 
equilibrium and can therefore support only a small population density. 
Often, the indigenous farm population has learned to manage these 
systems quite efficiently, making it difficult to increase their 
production without resort to external inputs. If increases are possible 
at all (6) their rates do not exceed 1% per year (7). With an average 
increase in demand of 3%, the needs must therefore be met by expanding 
the cultivated area of land at a rate of up to 2% annually. If this is 
done at the expense of fallow periods or grazing areas the sustainability 
of closed systems is threatened. 
In contrast, "open" agricultural systems may produce considerably 
more than the requirements of subsistence. If economically viable, 
their annual increase in production per unit area can be maintained at a 
level that is more than sufficient to meet the growing needs of an 
expanding and urbanizing population (8). These open systems require 
external inputs, however, which can be harmful to the environment and 
need fossil energy for their production, maintenance and use. 
Considerable research and extension are needed to permit optimum use to 
be made of these external inputs from the standpoint of both ecological 
soundness and economic returns. 
The prevalence of short-term over long-term considerations may 
result in ecological disruption (damage) of open systems. But reliance 
on more closed systems has more dangerous ecological consequences 
because it can satisfy the increasing need for agricultural products 
only by expanding into areas that are less and less suitable for 
agriculture, destroying the natural ecosystems in the process. 
1.8. The Production Potential of Different Environments 
Because of the relative scarcity of additional arable land, the 
growing need for food must be met largely by intensifying production, 
which could be more easily achieved in some environments than in others. 
Indeed, given the necessary resources, the more favourable environments 
could probably produce ample food for global populations into the 
foreseeable future. The problem of equitable distribution could not 
easily be solved, however, and resettlement of people on the scale 
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required is neither socially nor politically acceptable. Consequently, 
most of the increased production will have to come from the less 
favourable environments, making the achievement of a sustainable 
agriculture a greater challenge for all concerned. 
1.9. Forest Resources and Rangeland 
These fears are further reflected in the exploitation of 
forests and rangelands. It has been estimated that, globally, the 
amount of wood harvested per caput reached a peak in 1964 and has since 
fallen by 11% (9). However, a report by FAO suggests that the prospects 
for the long-term supply of wood are quite different for the two types 
of consumption, industrial wood and firewood (10). It suggests that 
world forests could meet the demands for industrial wood on a 
sustainable basis .up to the year 2000, but draws attention to the 
prospects for fuelwood which are quite alarming. 
An estimated 250 million people in the developing countries 
live in areas of fuelwood shortage. In 1979, the estimated fuelwood 
consumption was 1,300 million cubic metres, but fell short of the amount 
required by an estimated 100 million cubic metres. At present 
consumption levels, the total requirement will rise to 2,600 million 
cubic metres by 2000 but, because of depletion of this resource, total 
production could be in the region of only 1,500 cubic metres, 
representing a shortfall of about 1,000 million cubic metres and an 
increased demand for other sources of fuel (10). 
While the shortage of fuelwood is, in itself, an extremely 
serious problem, its effects on the environment through the loss of 
trees and shrubs is likely to prove devastating unless remedial measures 
can be instituted. The role of forest cover is especially important to 
sustainability in protectin g the soil and limiting runoff and erosion, 
while conserving precious water for recharging aquifers. 
Removal of ground cover by overgrazing can have some of the 
same effects as deforestation, leaving land vulnerable to erosion and 
reducing soil fertility. Widespread deterioration of grasslands is 
particularly evident in Africa where livestock numbers are increasing 
nearly as fast as the human population. In 1950, the estimated 
livestock population was 295 million, compared with 219 million people. 
By 1983, the figures had risen to 521 and 515 million, respectively (11). 
An FAO report in 1984 indicated the extent of overgrazing in 
the nine nations of southern Africa. It was suggested that in some 
countries and in major areas of others, existing herds considerably 
exceeded carrying capacities. The report concluded that this had led to 
deterioration of the soil, thereby lowering the carrying capacity even 
more, and eventually causing erosion, in an accelerating cycle of 
degradation (12). 
1.10. Desertifieation 
Desertification, which can be regarded as the ultimate 
consequence of soil degradation, has been defined as "the diminution or 
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destruction of the biological potential of the land, a process that can 
lead, ultimately to desert-like conditions" (13). Such a process has 
contributed to the widespread deterioration of ecosystems and has 
destroyed the biological potential for plant and animal production at a 
time when increasing productivity is needed. 
The United Nations Conference on Desertification in 1977 
concluded that desertification was threatening the productivity of as 
much as one third of the world's land, containing 15% of the global 
population. The World Commission on Environment and Development 
indicated that some 29% of the earth's land area suffers slight, 
moderate, or severe desertification, and an additional 6% was classified 
a? "extremely severely desertified" (14). 
Some have described desertification as a product of climate and 
human activity (15), a process that in the Sahel, for example, has been 
accelerated alarmingly by changes in both. Others have distinguished 
between the spread of desert in the more arid areas and desertification 
caused by soil degradation and erosion in more humid areas (16). 
Although the land is rendered barren in these more humid regions, the 
term desertification is somewhat confusing in that it has an arid 
connotation. Nevertheless, both types are usually included in estimates 
of the extent of desertification. 
Estimates of the area affected by desertification in Africa 
vary from 2% to 22%. FAO suggests that this wide range arises mainly 
from an oversimplified view of a process that is both complex and 
dynamic. Attempts to control desertification usually fail unlesss this 
complexity is recognized and both the social causes of desertification 
and its physical symptoms are taken into account (16). But until 
solutions are found and implemented, the rapidly growing areas subject 
to desertification throughout the world will pose serious problems for 
sustaining agricultural production in the years ahead. 
1.11. Trends in Agricultural Production 
If the concepts defined in this paper are accepted, production 
trends and sustainability have to be considered together because each 
has implications for the other. 
Prior to the mid-twentieth century, each of the major developing 
regions of the world - Asia, Africa and Latin America - was a net 
exporter of cereals. Even in the early 195Os, developing countries were 
still net exporters of food. By 1980, however, Africa, Asia and Latin 
America were major importers of cereals. Within these regions, only 
Argentina, Thailand and South Africa remained as net exporters. 
Domestic production had not declined; it actually increased, and even 
production per caput grew in Asia and Latin America. Increased imports 
of cereals reflected demand not met by domestic production. 
Such imports were made possible by growth in real incomes 
resulting, in part, from increased agricultural exports. The recent 
worldwide recession and the -weak demand for agricultural exports from 
developing countries, however, resulted in declines in both agricultural 
exports and imports, with the result that, in the mid-1980s, developing 
countries as a whole became net importers of agricultural commodities (1). 
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Aggregate statistics look very positive in terms of food 
production in developing countries in the 30-year period from 1950 to 
1980. In fact, during this period, total food production in the Third 
World experienced a compound rate of growth of 3% per annum. Despite 
rapid population growth, per caput food production also increased, with 
a compound rate of growth of 0.6% annually. Africa was the only major 
region that experienced a decline in per caput food production; with a 
compound rate of change of -0.6% per annum (1). 
There are many indications that had it not been for the green 
revolution in Asia and Latin America during the past quarter of a 
century, these two regions would have experienced declines in per caput 
food production similar to those that occurred in Africa. The rapid 
spread of new agricultural practices based on improved varieties of 
wheat and rice, initially bred at CIMMYT and IRRI, but often developed 
further by national programmes, had enormous impact on food production 
in these regions and transformed the lives of hundreds of millions of 
people. India, for example, doubled its wheat production in a six-year 
period, an accomplishment unequalled by any other major country in 
history. Many other countries, including Mexico, Pakistan, Turkey, 
Indonesia and the Philippines also increased cereal production 
dramatically (17). It is estimated that, by 1983, developing countries 
were planting half of their wheat areas and almost 60% of their rice 
areas with improved varieties of the two crops. Some 80% of the wheat 
areas in both Latin America and India and 95% of the rice areas in China 
are now planted with the improved varieties (18). 
Nevertheless, there are strong indications that a great effort 
will be required in Asia and Latin America to maintain the rate of 
increase in food production achieved over the last quarter of a century. 
With further growth in per caput income, it is likely to be even more 
difficult to meet the increased demand projected for the year 2000. In 
Africa, progress has been inhibited by a number of factors, including 
the manner in which priorities for research and development have 
conventionally been set. For example, three of the major staples - 
roots, tubers and starchy bananas - have seldom been accorded priorities 
commensurate with their importance in the diet. For the future, much 
will depend on government policies and on the extent to which farmers 
adopt the innovations being developed by the Centres and national 
agricultural research systems. 
Food deficits remain critical in Africa where per caput food 
production has dropped by almost 20% in the last quarter of a century (16). 
By the year 2000, it is projected that sub-Saharan Africa will have to meet 
a shortfall of 20 million metric tons of basic food staples just to meet 
the requirements of growth in population. Moreover, if the 1966-77 trend 
in growth of per caput income were to continue, the net deficit in basic 
food staples by the year 2000 would amount to 36 million tons (19). 
Despite the overall increase in per caput food production in 
the developing world, it is estimated that about half the population 
cannot afford a diet that meets the minimum energy needs for a healthy, 
active life. Furthermore, there is little prospect of reducing this - 
proportion by the year 2000 (20), by which time food output in the 
developing world is projected to fall short of demand by about 80 million 
tons, if the 1966-77 trends in growth of per caput income continue (19). 
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While focussing on the need for higher levels of food production, 
it is recognized that post-harvest losses may seriously impact levels of 
food available to consumers. Hence such losses must be an important 
consideration in efforts to achieve sustainability goals. 
1.12. Rising Demand 
Population growth, income growth and urbanization will be the 
key factors shaping demand for agricultural products in the future. On 
a global basis, agriculture must produce enough to serve about 80 to 100 
million additional people each year, an annual increase of about 2%. 
The enormity of this problem is highlighted by the fact that about 90% 
of the increase in population is occuring in the developing part of the 
world where deficits in agricultural produce are already critical in a 
number of regions. 
Income growth accelerates the increase in demand caused by 
population growth. The World Bank projects annual rates of growth of 
per caput income of about 3%, leading to an additional increase of 1.5% 
in per caput demand for food. Income growth also strongly influences 
the composition of food demand. As incomes rise, consumers shift from 
staple grains towards livestock products, more fruits and vegetables, 
and food that can be prepared more conveniently. All these 
considerations have implications for priorities in research. 
Urbanization is another factor shaping food demand. It is also 
one of the main reasons for substantial growth in consumption of wheat 
and rice in developing countries. Projections show that by the year 
2000 about 40% of the total population in the developing regions as a 
whole will be living in towns and cities (21), and that the agricultural 
population will constitute about 50% of the total. By the year 2025, 
the urban population will be about 60% of the total, and the 
agricultural population will have further decreased to about 35%. 
Consequently, the remaining farming community will have to produce much 
more than their own family needs. The example of the developed world 
shows that this can be done, but it requires considerable external 
industrial inputs. 
Many of the circumstances that threaten sustainability of 
agriculture are caused and accentuated by the rapid increase in the 
total demand for agricultural produce and by changes in its composition. 
In the long run, measures to enhance sustainability have little chance 
of succeeding unless this demand levels off, but for the coming decades 
the die is cast and agriculture has a formidable challenge to meet 
expanding needs. 
1.13. 
, 
Problems of Meeting the Demand 
1.13.1. Limited Availabilitv of Land 
Using available techniques for land clearing, the amount of land 
that could be used for agricultural production could be doubled (7). 
However, the most suitable land is already in use and further clearing 
would require not only considerable effort but also, in some instances, 
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measures for the alleviation of special problems such as acidity or 
infestation by tsetse fly. Increases of production achieved in this way 
would simply continue to sacrifice natural ecosystems at the alarming 
rates that have characterized the recent past. Moreover, because 
population and land resources are unevenly distributed, the extra land 
might not be made available where the demand is increasing. 
Within the African continent, North Africa has little unused 
land, while West and East Africa have limited reserves relative to 
population growth (22). Only Central Africa has large unused areas, but 
the population density is low, the infrastructure is weak, the soils are 
fragile and the environment such that both human beings and animals are 
prone to diseases. 
Much of Asia already has high ratios of population to arable 
land, with limited opportunities for expanding the area under 
cultivation. Temperate and tropical South America still have large 
areas that could be brought into more productive use, but many of them 
have major problems of soil fertility that must be solved before their 
potential can be realized in a sustainable way. 
In view of all these circumstances, the relentlessly growing 
demand for many important agricultural products will have to be met 
largely by the more productive and sustainable use of existing arable 
land, rather than by-bringing new land into cultivation. In principle 
this should be possible because the soil, water and climatic conditions 
in large areas of agricultural land are such that yields could be 
increased several fold over current levels , provided that appropriate 
techniques could be developed and applied (7). 
1.13.2. Difficulties in Maintaining the Rates of Increase in 
Yield 
Yields of crops and livestock products have increased rapidly 
during the last 40 years in the industrial part of the world and during 
the last 20 years in parts of the developing world. Indeed, per caput 
production of many, but not all, basic commodities increased during the 
third quarter of the century. Some reached a peak, however. For 
example, the amount of wood harvested per caput peaked in 1964 and has 
since fallen by 11%, while the fish catch per caput has declined by 13% 
since 1970 (9). Similar trends can be seen in various other commodities, 
and, in Africa, 40% of the population live in countries where grain 
yields are lower today than they were a generation ago (11). 
Even with high inputs, crop yields are not consistently being 
maintained. In the Chiang Mai Valley of northern Thailand, for example, 
paddy rice yields were increased from about 4 metric tons to about 7 
metric tons per ha, by changing from traditional to intensive practices. 
After ten years, however, yields had reverted to traditional levels in 
spite of continued high inputs of lime and fertilizer (23). Other 
examples include the rice/wheat rotations in Pakistan where problems 
have been encountered in maintaining yield levels despite the rising use 
of inputs and growing managerial skills of the farmers (24). These 
problems usually result from the appearance of some new limiting factor, 
such as a trace-element deficiency, or the build-up of pests, such as 
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nematodes. They are not necessarily insuperable, but they point to the 
need for more penetrating research and add to the problems of achieving 
sustainability. 
There will undoubtedly be difficulties in extending the green 
revolution in rice and wheat, for example, to less endowed regions. The 
farmers who have benefitted most had the most ready access to irrigation, L 
fertilizers, pesticides and markets. The remainder primarily farm 
marginal, rainfed land, and often have limited access to purchased 
inputs. Although there is considerable potential for increasing yields 
in these areas, the benefits of new practices will probably be realized 
gradually, rather than in the burst of adoption that characterized the 
green revolution (25). 
Furthermore, large numbers of farmers in the developing world 
rely on crops other than rice and wheat, which have, up to now, 
attracted less research. Nevertheless , prospects for increasing yields 
in a sustainable way are encouraging, provided the necessary knowledge 
can be made readily available. Its provision requires renewed research 
effort, to which the International Centres could make a substantial 
contribution. Failure would force farmers to use agricultural 
production systems that might meet the increasing demand for the 
immediate future, but would threaten sustainability in the longer term. 
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CHAPTER 2. THE DETERMINANTS OF SUSTAINABILITY 
2.1. The Need for a Comprehensive Approach 
The sustainability of agricultural production is determined by 
the complex interactions of the biological,~physical and socio-economic 
factors that constitute the basis of all production systems. Although 
diverse in character, agricultural production systems are, inherently, 
neither sustainable nor unsustainable. They respond to changes in ways 
that either enhance or endanger sustainability, depending on the nature 
of the change in relation to the prevailing environmental and socio- 
economic circumstances. Understanding the dynamics of environmental and 
socio-economic change therefore lies at the heart of understanding 
agricultural sustainability. 
Its achievement, however, ultimately depends on the attitudes 
of people. Through education, incentive and example, people must be 
made to care about sustainability and this must find expression in the 
daily activities of all who husband the resources on which future 
prosperity depends. Success will therefore depend on a comprehensive 
approach and the involvement of all concerned. 
2.2. Novel Production Systems 
For survival into the foreseeable future, the human race will 
remain dependent on the production of plants and animals, not only for 
food but also, and perhaps increasingly, for raw materials as well. To 
keep pace with rising demand, plants and animals will have to be 
produced in ways that progressively approach the optimum potential of 
the environment, implying major changes to those production systems that 
have resulted from expediency, economic opportunism or sheer necessity. 
Consequently, there is a need to continue the search for 
production systems that are within the means of resource-poor farmers 
and protect the environment from degradation, especially on hillsides 
and other marginal lands. New methods of soil and water management must 
continue to be developed and new combinations of plants and animals 
explored. 
The earth supports about a quarter of a million species of 
higher plants, of which about 100 are important crops and 30 are 
produced on a scale of more than 10 million tons annually (26). 
Doubtless, during the course of evolution, numerous others have been 
tried and discarded. But the pressures threatening sustainability are 
new, and perhaps some of the plants or animals not yet adopted by man 
might find a place in novel production systems, especially those 
designed to balance more easily the budget of affordable inputs and 
usable outputs. In this context, research into the incorporation of 
woody perennials into crop and livestock production systems, now 
generally referred to as agroforestry, has much to commend it. 
In tropical environments, particularly, there is a need to 
continue research on novel production systems that more closely resemble 
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the ecology of the climax vegetation. There is, for example, a lack of 
quantitative information on the merits of spatial and temporal diversity 
in production systems. The assumption made by some that, in the context 
of sustainability, diversity is good and uniformity is bad, is not 
necessarily true. Witness, for example, the productive potential of 
rice grown for centuries on terraces in the countries of eastern Asia. 
Consequently, there is a need to develop methodologies for studying in 
quantitative terms the productive potential of complex systems, the 
dynamics of the temporal and spatial relationships of the species that 
comprise them, and the opportunities they present for the control of 
pests and diseases. 
2.3. Biological Determinants 
2.3.1. Genetic Resources and the Improvement of Crops 
and Livestock 
The CGIAR has given leadership to the conservation of plant 
genetic resources and the creation of gene banks. It is essential for 
future sustainability of production that this work should continue and 
that national authorities give greater consideration to the conservation 
of genetic resources ) particularly to the preservation in situ of wild -- 
species of both plants and animals. 
Furthermore, the continued genetic improvement of crops and 
livestock is'entirely dependent on the availability of suitable sourcea 
of genetic diversity. Much of the required diversity occurs among 
existing cultivars, farm animals and wild species, but the preservation 
of obsolete crop varieties and animal breeds is vital for future 
breeding programmes. Primitive land races of crops and their wild 
relatives also provide valuable sources of genes, particularly those 
conferring resistance to pests and various environmental stresses. 
These genes have become even more valuable with the prospect of their 
transfer across reproductive barriers, which is becoming increasingly 
possible through new techniques in protoplast fusion and molecular 
biology. 
2.3.2. Crop Pests L/ 
Intensification of production to meet growing food needs brings 
with it greater risks of the build-up of pests which, if not controlled, 
affect stability of production in the short-term and sustainability in 
the longer term. Although losses vary widely, it has been estimated 
that pests contribute to the loss in the field of some 35% of the 
potential production of major food crops, the greatest losses occurring 
in developing countries (27). 
Although high priority is often given to diseases and arthropod 
pests perhaps the most persistent cause of depressed yields in tropical 
environments is competition from weeds. It follows that there could 
L/ The term "pests" is used herein to refer to weeds, diseases, 
insects, mites, nematodes, birds, rodents and other mammals. 
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probably be no greater contribution to crop productivity in developing 
countries than by effectively controlling weeds. Moreover, effective 
weed control demands well-grown crops which, in turn, contribute to the 
prevention of soil erosion and, through vigorous root growth, to the 
maintenance of soil structure. 
Various parasitic weeds belonging to the genera Striga and 
Orabanche are also increasing in importance as crops spread into new 
areas, rotations are shortened, and both organic matter and nitrogen in 
the soil are depleted. Their control presents new challenges to 
science, but left unchecked they pose an additional threat to 
sustainability. 
Insect pests are generally most abundant in the warm and humid 
environments of the tropics and sub-tropics. Crops that are well grown 
are sometimes more prone to insect attack than those that are poorly 
grown. Moreover, insect pests are more abundant in those areas that 
grow the same crop, such as rice, all the year round. In the 
Philippines, for example, insect problems have increased significantly 
in areas where a single rain-grown crop of rice has been replaced by 
several successive crops grown under irrigation in the same year, 
illustrating the potential loss of sustainability as intensity of 
production is increased. Under these conditions, appropriate control 
measures for insect pests have given increases in yield of 28-25X or 
about 2.0 t/ha (28). 
Crop diseases also build up more rapidly and become more 
serious in tropical environments than in temperate zones. Crops are 
particularly vulnerable to disease attack when large areas are planted 
with the same variety, or when successive crops of the same varjiety are 
grown on the same field. Diseases can build up to the extent that they 
threaten sustainability, a threat that can be partly avoided by suitable 
cropping patterns or sequences* But a greater threat to the long-term 
control of diseases arises from a breakdown in the effectiveness of 
pesticides and host-plant resistance through mutation in the pest or 
parasite. 
Resistance of insect pests to insecticides has been known for 
over 70 years, but it has increased greatly during the last 40 years 
following the extensive use of organic insecticides. Resistance in 
plant pathogens to chemical treatment has also built up during the last 
40 years, with reports being most frequent during the last 15 years, 
coinciding with the introduction of systemic fungicides. Resistance of 
noxious weeds to herbicides is more recent, but is now being reported 
more frequently in species that have been treated intensively (29). 
The first report of host-plant resistance to a disease being 
overcome by changes in the parasite also appeared nearly 70 years ago 
after the release in the USA of the first wheat variety resistant to 
stem rust. Since that time, the apparent breakdown of resistance to 
insects and diseases has become commonplace and numerous strategies have 
been evolved to maintain resistance in the face of continuing changes in 
the pest. This type of research, which has become known as "maintenance - 
research", now constitutes a major part of plant breeding programmes- 
For example, CIMMYT estimates that two-thirds of its total 
effort in wheat improvement relates to maintenance research, primarily, 
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but not exclusively, on disease resistance. The significance of such 
research is made apparent in an analysis of the potential losses in 
production from the major wheat pathogens, resistance to which is 
incorporated into improved wheat cultivars. Estimates of potential 
yield losses from these diseases were based on a range of loss 
measurements made during actual epidemics in the past. The maximum 
potential losses are based on the assumption of a serious breakdown of 
resistance in the most popular CIMMYT-based variety, Sonalika, which is 
now planted on some 8 million hectares in the Third World. The analysis 
shows potential yield losses from the various pathogens ranging from 
S-60% with the total potential reduction of 760,000 tons/year (30). 
Such potential losses emphasize the important contribution that 
maintenance research must make to sustainability. Other approaches to 
sustained control of pests involve integrating crop management with 
control measures. For example, mixtures of varieties of the same crop 
or of different crops show reduced build-up of pests under some 
circumstances. With appropriate mixtures of spring barley in the UK, 
for example, reductions of up to 80% in infection by powdery mildew have 
been recorded, compared with the mean disease level of the component 
varieties grown in pure stand. Similar effects have been observed in 
tropical crops. For example, a reduction of the damage caused by the 
brown plant hopper has been reported in mixed stands of rice (31). 
These are relatively simple and well-researched aspects of the 
wider concept of integrated pest management which must increasingly be 
featured in efforts to control pests at the higher levels of 
productivity that will be required in future. 
2.3.3. Animal Health and Nutrition 
The control of pests is also important in sustaining livestock 
production. It is estimated that, globally, diseases and parasites are 
responsible for the death of 50 million cattle and water-buffalo and 100 
million sheep and goats each year (27). These figures do not indicate 
the full extent of the problem, however, since diseases and parasites 
may seriously reduce the productivity of animals without causing death. 
More effective control of animal diseases would, therefore, contribute 
greatly to the sustainability of animal production. 
Problems of health in animals are closely linked to their 
nutrition and to the interactions of crops and livestock. There is a 
continuing need to study balanced systems of production that exploit the 
benefits of both crops and livestock, as well as to develop techniques 
for supplying supplementary feed at costs the farmer can afford. 
Improved management of pastures and avoiding over-grazing are key 
determinants of sustainability, especially in the drier regions. 
2.4. Physical Determinants 
2.4.1. Soil 
No single resource is more important to the achievement of a 
sustainable agriculture than the soil which contains the nutrients and 
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stores the water essential for plant growth. Deficiencies or excesses 
of either may seriously limit productivity. Soils may be too acid or 
too alkaline, they may suppress germination or root growth, they may 
have a low water-holding capacity and subject the plant to drought, or 
they may have poor infiltration leading to inadequate aeration and 
water-logging. Consequently, the manner in which soils are managed has 
tremendous impact on productivity and sustainability. 
(i) Soil Erosion 
Reference has already been made to the manner in which 
population pressures are forcing farmers to cultivate marginal land, 
exposing it to degradation and soil erosion, unless adequate control 
measures are incorporated. Loss of soil through wind erosion can occur 
even on flat land, while erosion associated with runoff may start with 
slopes of as little as 2%. As the slope increases, so does the risk of 
runoff. In Malawi, for example, escarpment land that has a slope of 
more than 12% is being cultivated without adequate conservation 
practices, causing serious erosion and the flooding of fertile croplands 
below. Such erosion is threatening the future of one of the few African 
countries that is successfully feeding itself (16). Moreover, the 
productivity of agricultural systems in mountainous regions throughout 
the world is being seriously threatened by high rates of soil erosion. 
Research on land planted with cassava in Nigeria demonstrated 
that with a 15% slope there was an annual loss of 220 tons of topsoil/ha 
- a rate that would erode away the entire topsoil in 10 years (32). 
Similar examples are legion and, in many parts of the world, soil 
erosion has increased to the point where losses exceed the formation of 
new soil through weathering. When this occurs, the soil is, in effect, 
being mined, converting a renewable resource into a nonrenewable one. 
Such soil erosion is truly a global blight, affecting developed 
as well as developing countries. In the USA, for example, the loss of 
soil through erosion is conservatively estimated to exceed tolerable 
levels on some 44% of the cropland. In India, a study has indicated 
that 60% of the cropland is eroding excessively, constituting a loss of 
4.7 billion tons of topsoil annually (33). 
In many tropical soils, most of the primary plant nutrients 
available to arable crops are contained in the topsoil. The loss of 
topsoil through erosion, entails a loss in fertility and a deterioration . 
in the physical structure of the soil as more of the subsoil is exposed 
or brought to the surface through tillage. As a consequence, 
infiltration rates decline, runoff increases, crop growth decreases 
leaving the soil more exposed, and the rate of erosion increases. 
Unless this process is arrested, erosion can become so severe that the 
land has to be abandoned. Its reclamation is extremely difficult and 
prohibitively costly for many developing countries. Few problems pose 
greater threats to sustainability of agricultural production systems 
than soil erosion. 
Technological solutions to the problems of soil erosion have - 
been known, to a greater or lesser extent, for centuries. Their 
thorough elucidation in the present century owes much to research and 
development on a massive scale in the USA during the 1930s. It was 
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shown that erosion control involves correct land use over the whole of 
the catchment area, because bad practices at the top increase the 
hazards of erosion lower down. Indeed, the effects of erosion extend 
far beyond the farm as soil is carried on to lowland farms and into 
streams and canals, with harmful consequences to aquatic life, 
irrigation and hydroelectric systems, and even to navigable waterways (33 
The methods of control that were developed in the USA were 
based on systems of land management involving suitable cropping 
sequences, fertilizer application, contour cultivation, strip cropping 
and suitably designed systems of terraces and protected waterways. The 
recommendations formulated as a result of this work have made a major 
contribution to soil conservation measures throughout the world. They 
need to be adapted to local circumstances, however, particularly where 
production systems involve both crops and livestock. Even in the USA, 
however, as production practices have changed, problems of erosion have 
continually recurred. 
In the developing countries, the widespread adoption of erosion 
control methods, such as those developed in the USA, has been fraught 
with difficulty, even though they have been tested and shown to succeed 
almost universally. There are difficulties in organizing farmers or 
whole communities to do the work or bear the costs, as well as in 
convincing them that it is worthwhile in terms of the demonstrable 
benefits, before serious erosion has occurred. Historically, the 
problems have been aggravated, especially in former colonial countries, 
through the attempted enforcement of control measures by local 
legislation. Some of these were impracticable under the prevailing 
circumstances and led to disenchantment of the small farmer. 
Nevertheless, many traditional farming systems, including those 
based on agroforestry, have built-in methods of erosion control 
demonstrating that, in certain circumstances, commundties will respond 
to the challenge and institute collective control measures. Even in 
sub-Saharan Africa where widespread agriculture has evolved more 
recently than in other regions, there are examples of the effective 
adoption of erosion control measures, both past and present, that are 
cheap, effective, and can be implemented when labour is available. 
Perhaps the most striking example is that of Ukara Island 
(Tanzania) in Lake Victoria. Prior to colonial times, the inhabitants 
responded to a continually growing population by intensifying their 
production systems. Among the many improved technologies they 
developed were several designed to prevent soil erosion. They 
constructed rock-faced terraces on the hhllsides and further controlled 
runoff by preparing the land as a mosaic of small basins, comparable 
with tie-ridging. Waterways were protected with bunds and grazing 
carefully controlled. Later, however, as migration to the mainland 
increased, the communal effort was not fully maintained. Deterioration 
set in, leading to soil degradation and the familiar declining spiral. 
A more recent example of a community responding to the 
challenge of preventing soil erosion is provided by the efforts of 
village cooperatives in Burkina Faso. They have constructed mfcro- 
catchment areas, consisting of mosaics of rectangular earth bunds to 
concentrate rainfall around trees which were planted to protect the 
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upper slopes - and eventually to supply firewood. In addition, areas of 
crusted soil are broken up with hoes, rock barriers built, and woven 
barriers of stalks erected to reduce runoff and trap silt. The effort 
shows promise of restoring to production considerable areas of land that 
had previously been abandoned (16). 
(ii) Soil Fertility 
Another major constraint to sustainability is the lack of 
nutrients essential for plant growth. ‘In addition to the large 
. quantities of nutrients lost through soil erosion, harvested crops have 
the effect of mining the soil of its nutrients, unless they are 
continually replaced by nutrients from plant residues, manures or 
fertilizers. In Africa, for example, FAO estimates that most of the 
nutrients removed in crops are not returned to the soil. Soil mining on 
such a scale represents a serious threat to sustainability and, if 
unchecked, will eventually lead to significant soil degradation. 
Traditional systems of shifting cultivation in the tropics 
depend on a natural cycle in which nutrients removed in crops or leached 
into the deep subsoil during the arable phase are replenished in the 
topsoil during the resting phase. For effective restoration of 
fertility after cropping, the resting phase must be long enough for 
deep-rooted plants, such as trees and shrubs, to become well established 
and for their roots to penetrate into the deeper zones of the subsoil. 
During the resting phase, there is a net increase of available nutrients 
by weathering, nitrogen fixation and upward movement of nutrients from 
the subsoil to the topsoil. The organic matter is replenished through 
the shedding of leaves and the accumulation of other plant debris. 
In former times, the resting phase might last for 25 years or 
more before the land was again cleared for cropping. Crops were then 
grown for 2-4 years before allowing the land to revert to natural 
vegetation for another period of regeneration. As population pressure 
has increased, however, the increasing demand for arable land has been 
met by shortening the resting phase so that the restoration of fertility 
between cropping periods has gradually been diminished. Ultimately a 
low-level equilibrium is reached in which, even in favourable seasons, 
yields are barely adequate to justify the labour, and the soil becomes 
dangerously degraded and vulnerable to erosion. 
Greater population pressure brings increased demand for fuel 
for cooking, further aggravating the problem of maintaining soil 
fertility. As firewood becomes scarcer, more crop residues and animal 
manure are used for fuel, making them less available for the 
replenishment of soil fertility, both in terms of nutrients and in the 
organic matter that is so important for soil structure. 
2.4.2. Water 
Water resources present a global paradox. It is estimated that 
the volume of fresh water annually renewed through a cyclical flow 
involving sea, air and land, is sufficient to meet the material needs of 
many times the existing world population. Despite such apparent 
abundance , periodic shortages of water threaten millions with famine, 
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and water tables in parts of India, China, Mexico and the USA are 
falling precipitously (34). 
The commonly-held view that water is an inexhaustible gift of 
nature is dangerous in that it leads to complacency. The relentless 
growth of population, with its associated increase in demand for water 
for domestic consumption, industry and agriculture imposes increased 
pressure on the the world's water resources. If this trend continues, 
there will be increasing shortages of water of suitable quality, unless 
serious attempts are made to improve the efficiency of its use (35). 
(i> Irrigation 
Agriculture is the principal user of global water supplies. 
From historic times, irrigation has been used to help farmers to secure 
a reliable and timely supply of water for their crops. By 1900, 
irrigation was supplying water to some 40 million hectares of land. The 
area had more than doubled to 94 million hectares by 1950 and tripled by 
1985. This dramatic increase in the area under irrigation contributed 
greatly to the increases in global food production (36). 
Today, the 17% of the world's cropland that is irrigated 
supplies about one-third of the agricultural production. As arable land 
becomes more scarce, irrigation enables farmers to increase production 
on existing land. During the 1950s and 196Os, irrigated areas expanded 
at the rate of about 4% per annum, but by the early 198Os, the rate of 
growth had declined to less than 1% (34). 
Some of this expansion in irrigated areas has been at the 
expense of using fossil water or of the overdrafting of rechargeable 
aquifers. Both practices are unsustainable. In addition, chemical and 
biological pollution are making water unsuitable for irrigation in some 
localities. 
These problems are aggravated by the fact that a great deal of . 
irrigation water is used inefficiently, with much more water often being 
transported and applied to crops than is required (37). Poor irrigation 
practices result in severe problems of land degradation through water- 
logging and salinization, which are estimated to render unproductive 
some 1.0-1.5 million hectares of good cropland annually. These problems 
are particularly acute in India and Pakistan where it is estimated that 
12 million hectares have been seriously degraded. Indeed, in many areas 
of the world, waterlogging and salinization threaten to diminish the 
very gains that costly new irrigation projects are intended to 
provide (34). 
(ii> Rainfall 
In vast areas of the tropics, agricultural productivity is 
greatly affected by the amount, distribution and reliability of 
rainfall. Although it is unlikely that science will find ways of 
controlling the supply of rainfall, at least in the foreseeable future, 
science has much to contribute to its efficient use. Attitudes to 
rainfall must resemble those to irrigation, especially in semi-arid 
regions. Water must be regarded as a scarce resource that should not be 
wasted. Its efficient use is crucial to raising and sustaining yields 
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in areas where irrigation is impossible. Its management to control 
runoff is essential for controlling soil erosion. 
There are two main aspects to the problem: soil management and 
crop management. Both are designed to conserve rain water and use it 
more efficiently. 
The soil assumes the role of a bank in which rainfall can be 
stored; soil management that prevents runoff and allows rapid 
infiltration also permits maximum storage of rain water. The 
appropriate use of fertilizers also improves water-use efficiency. Crop 
management that optimizes the relationship between plant-water 
requirement and rainfall expectation, by timely sowing for example, is 
likely to optimize yield. 
Rain water can also be conserved through various methods of 
"water harvesting": by holding the water on the land in small basins or 
tied ridges, for example, or by collecting runoff. 
The application of all of these principles is often limited in 
developing countries, however, by bottlenecks in the availability of 
labour or by inadequate backstopping from the research and extension 
services. Nevertheless, the more efficient use of rainfall lies at the 
heart of meeting the rising demand for food in all rainfed areas of 
production. 
2.4.3. Atmosphere 
Many human activities release harmful gaseous elements into the 
air. For instance, the combustion of fossil fuel and smelting of 
metallic ores result in the release of large quantities of sulphur and 
nitrogen oxides into the atmosphere, where they may be carried for great 
distances to come down ultimately as acid contaminated rainfall. This 
acid rain may be harmful to both terrestrial and aquatic organisms. In 
particular, forested areas in the industrialized parts of the world have 
already incurred serious damage (38). Acid rain also contributes to the 
acidification of soils, especially in humid regions where soils may 
already be too acid for optimal crop performance. This acidification 
may increase the solubility of some elements in the soil to the extent 
that they become toxic to plants. In contrast, small.amounts of acid 
rain, may benefit agriculture by relieving sulphur deficiencies, but 
even in developing countries with relatively little industrial 
development, the effects of acid rain are potentially more harmful than 
beneficial, especially under more humid conditions. 
Lead released into the atmosphere by gasoline combustion is 
also potentially toxic to living organisms, particularly in areas of 
high concentration, such as those near to highways. Some industrial 
processes and consumer goods release gases into the atmosphere that may 
damage the ozone layer around the earth, enabling more of the harmful 
ultra-violet radiation of the sun to reach the surface of the earth. 
The combustion of fossil fuels and wood releases carbon dioxide 
at such a rate that its concentration in the atmosphere may double in 
the next 60-80 years. The direct effect of this increased carbon 
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dioxide is beneficial for crop production because it may increase both 
photosynthesis and water-use efficiency. Together with some other 
gases, however, it contributes to the so-called "greenhouse effect" by 
reducing the losses of long wave radiation from the earth. Various 
mathematical models predict a warming trend of 2-5 degrees Celsius 
during the next century accompanied by a change in rainfall 
distribution. The warming trend is likely to be more pronounced in high 
than in low latitudes, and some have speculated that the Cornbelt in the 
USA could become drier as well as warmer, pushing this production zone 
further north (39). Coastal lowlands throughout the world may be 
subject to increased risk of flooding owing to greater melting of the 
polar land ice and thermal expansion of the water in the sea. Increases 
of 20-30 cm are anticipated for the next century but a much larger 
increase cannot be excluded in the longer term, because of the 
disintegration of the ice cover of West-Antarctica. 
Although threshold effects are possible, climatic changes are 
likely to proceed at such a slow rate that the adaptation of 
agricultural practices, species and varieties is unlikely to pose 
special problems. Even a modest rise of the water-table may induce 
problems of flooding, drainage and salinisation, however, especially in 
river estuaries with little infrastructure. 
Agriculture may not only suffer from, but may also contribute 
to the problems. The main source of atmospheric methane appears to be 
rice paddies and enteric fermentation in ruminant animals. The dominant 
source of nitrous oxide is thought to be bacterial processes of nitrogen 
transformation (40). Fertilizer denitrification, if not important now, 
could become a significant source in the future. As long as the 
contribution of these gases to the greenhouse effect remains limited as 
projected, it will not be necessary to change agricultural practices 
because of them. 
The decay and burning of wood is estimated to contribute about 
20% of the increase of the carbon dioxide content of the air (41). 
Although this contribution is considerable, its environmental effects 
are far less serious than those caused by deforestation. Watershed 
research in the Central Amazone, for example, has indicated that in a 
tropical rain forest approximately a quarter of the water runs off into 
the rivers, while three quarters returns to the atmosphere through 
evapo-transpiration. When the forest is cleared for cropping this ratio 
is approximately reversed with many implications for the sustainability 
of these environments. 
In the Sahelian region, pressures on land use have also 
resulted in increased runoff, a reduction in both evaporation and 
transpiration, and an increase in albedo of the land. Results from 
simulation models support the general hypothesis that biogeophysical 
processes involving increased surface albedo may lead to further drying, 
which in turn may result in an even higher surface albedo (40). 
Whatever effects may finally be manifested, there is no doubt that the 
combination of drought and the pressures of increasing numbers of people 
and livestock have contributed to severe ecological degradation and the 
so-called desertification of much of the region (42). 
2.4.4. Hazardous Chemicals 
Industry and its products cause a large variety of often 
hazardous chemicals to be released into the environment, which may 
threaten both the growth of agricultural crops and their quality for 
consumption by man and animals. Although it would be preferable to stop 
these releases at source, in reality this would be difficult to achieve. 
Consequently, in designing production and marketing systems this problem 
will have to be taken into account. 
Modern agriculture also uses a large array of chemicals, all of 
which can be hazardous, because they can be used at the wrong time in 
the wrong place and in the wrong amounts. Some which initially appeared 
safe have proved so damaging for the environment that their use should 
be much more strictly controlled. Such action is not easy to achieve, 
however, because the primary effects of the chemicals may be very 
cost-effective and there are vested interests in supporting their 
continued use. DDT and biocides containing mercury are well-known 
examples, but these are not the only ones. 
It is widely accepted that biocides are essential to ensure an 
increasing supply of agricultural products. To restrict potential 
damage, new products should be specific in their action and should not 
persist in the environment. But more acceptable biocides are slow in 
coming because their development and testing have become increasingly 
costly and time-consuming, providing further stimulus for agricultural 
research to develop alternative solutions. 
Fertilizers are less problematic than biocides, but can also 
have harmful effects when used inappropriately. There is global concern 
about the pollution of both surface water and groundwater with chemical 
fertilizers that are needed to support the growth of crops. Fertilizers 
are far too often used inefficiently, without applying the knowledge 
already available to ensure a much more efficient uptake and use by the 
crop. In Indonesia, for instance, the recovery of applied nitrogen is, 
in most cases, considerably less than 20% whereas proper fertilizer 
management could ensure a recovery of over 50% (43). The loss is not 
only detrimental to the environment, but also to the farmer, especially 
in developing countries where fertilizers account for such a large share 
of the costs of external inputs. 
The increasing interest in the use of locally available 
deposits is also not without its dangers. These may contain 
constituents that can build up to harmful concentrations in the soil, as 
with cadmium in phosphate deposits, for example. Chemicals can also 
occur naturally in the soil at such high concentrations as to be toxic 
to plants, especially in acid soils where high concentrations of 
aluminium, manganese, iron and possibly other elements may adversely 
affect crop growth. Under conditions where acidification cannot be 
controlled because of lack of suitable lime deposits in the region, for 
example, sustainability of agriculture may be seriously threatened. 
Some water-logged soils rich in sulphur, may turn very acid 
when drained, releasing sulphate into the drainage water and polluting 
the environment. Finally, problems of salinisation may seriously 
threaten the sustainability of areas that are irrigated or poorly 
drained. 
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2.4.5. Energy 
In view of the high energy requirements of intensive production 
systems, one of the determinants of sustainability might well become the 
availability of suitable sources of energy. Consequently, it could be 
argued that research on production systems should seek to limit the use 
of industrial inputs and conserve energy. The key consideration in 
research, however, is not the total amount of energy used, but the 
efficiency with which it is used. 
For the cultivation of the arable crops it supports, 
subsistence farming requires considerable amounts of energy in the form 
of biomass, to maintain the fertility of the land. In the case of 
shifting cultivation, this energy is mainly dissipated by slashing and 
burning the vegetation that grows during extended fallow periods. In 
mixed production systems, much energy is dissipated during the 
production of manure and other products of the ruminants that graze ' 
extended pastoral areas. 
In both sets of circumstances, the area of land used for arable 
cropping is only a fraction of that used for maintaining its fertility, 
so that the energy efficiency, expressed as the amount of energy 
harvested in edible form, divided by the amount of energy dissipated for 
its production, is considerably smaller than one. In addition, 
significant amounts of energy in the form of wood or manure are needed 
to cook the food. If met by wood, this fuel requirement may place an 
additional burden on the fallow land, and if met from crop residues or 
manure, it directly threatens the sustainability of the system. 
Techniques, such as alley farming, are being developed while 
others, such as relay and mixed cropping, are being revived to make such 
closed systems more sustainable under the pressure of an increasing 
population. Although such techniques seek to minimize the use of 
purchased inputs, they all rely to some extent on external means of 
production, be it only in the form of research and extension, of new 
species and varieties, and of rock phosphate to enable leguminous 
species to flourish and fix atmospheric nitrogen. All such external 
means of production require fossil energy but, compared with 
industrialized countries, the fossil energy demand per unit area is 
relatively small. To suggest that farmers in these marginal 
circumstances should not use external inputs is unlikely to be in their 
best interests. In any case, the high costs of external inputs are 
likely to act as a sufficient disincentive for their extravagant use, 
irrespective of whether the costs are borne by the farmers themselves or 
by others. 
High-yielding agricultural systems require fossil oil as a 
means of production and as a substitute for labour. The energy 
efficiency of arable farming systems expressed as the amount of energy 
harvested in the form of agricultural produce divided by the amount of 
fossil energy used directly and indirectly during the production 
process, is usually several times larger than one. Hence, although the 
energy used per unit area is considerable, it is used with considerably 
greater efficiency than that used in more closed systems (44). Much of 
this efficiency is subsequently lost, however, when a considerable 
fraction of the primary food products, or of the land where these can be 
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grown, is used for the production of animal products and when the manure 
produced is regarded as a waste product. These wasteful practices are 
no different in principle from using energy for other luxuries. While 
such practices continue, therefore, there can be no justification for 
basing the conservation of energy on savings that might be made by 
resource-poor farmers in developing countries. 
By meeting the increasing needs for agricultural produce by 
growing more per unit area rather than by expanding the area of 
agriculture on fragile land, the use of one unrenewable resource (oil) 
is substituted for another (soil). The wisdom of such a substitution 
depends on the relative scarcity of these two resources and the 
possibilities of finding substitutes for them. 
For purposes of food production, it might be imagined that soil 
could ultimately be replaced by waterculture on bare rock, but soil is a 
virtually irreplaceable constituent of natural and semi-natural 
ecosystems. Compared with soil, fossil oil is not particularly scarce. 
The proven and surmized reserves are about 100 times larger than present 
annual use. Moreover there are many substitutes in the form of natural 
gas, coal, tar oils, uranium, energy from renewable resources and 
perhaps ultimately from atomic fusion. The use of some of these may 
well create problems for sustainability, but they would not all 
contribute directly to the CO 
even greater problems for sus z 
problem. Failure to use them might pose 
ainability. 
Hence, it might be argued that the cause of sustainability 
would be better served by saving soil at the expense of oil than by 
saving oil and degrading soil. Moreover, the sustainability of 
high-yielding agriculture is not so much related to its use of energy as 
to problems of its management in ways that are socially, economically 
and environmentally acceptable. 
2.5. Socio-economic and Lena1 Determinants 
2.5.1. Need for Vigorous Agricultural Development 
Sustainability will not be achieved without vigorous 
agricultural development. Consequently, many of the socio-economic and 
legal factors that affect agricultural development also affect the 
achievement of sustainability. 
Historically, one of the most serious limitations to 
agricultural development has been the low priority accorded to 
agriculture by both national and local governments in many developing 
countries. This lack of support for agriculture has had many well-known 
consequences. Those that are especially important for sustainability 
are outlined below. 
2.5.2. Economic Policies Unfavourable to Agriculture 
Many countries have pursued strategies in which the domestic 
terms of trade are sharply skewed against the rural sector. Overvalued 
currencies have contributed to this effect by making imports of food 
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artificially cheap and reducing the internal prices of agricultural 
export commodities, particularly raw materials. Such distorted terms of 
trade not only favour urban consumers but also keep wages down and 
increase profits in the industrial sector which, if reinvested, become 
the major source of capital formation (39). Attempts to initiate 
capital transfers from agriculture to industry ("syphoning off the 
agricultural surplus" or "mining agriculture") is an attractive policy 
for countries in the early stages of development, when their economies 
are still dominated by agriculture. 
It appears that such urban-biased development strategies are 
responsible for the failure of many developing countries to supply 
agriculture with the financial and administrative resources, as well as 
the political support, that its central role in the economy would 
justify. Lack of political support is aggravated by discontinuity in 
government administration, often associated with political instability (45). 
Not only does discontinuity cause inconsistencies in policies and their 
implementation, but there is a tendency for each new administration to 
dissociate itself from previous administrations and go through a time- 
consuming learning process before it can formulate and implement new 
policies (39). 
These deficiencies in financial, political and administrative 
support present formidable obstacles to agricultural development and the 
achievement of sustainable agricultural production. Farmers are forced 
into using methods that promise immediate returns, soils are depleted of 
nutrients, the area under cultivation is expanded and the investments 
needed to conserve natural resources become unattractive. 
In contrast, more reasonable price levels for food commodities, 
established as a consequence of government policies, lead to increasing 
production and greater incentives for investment in sound agriculture. 
For example, the Ugandan government doubled food prices in 1983, 
resulting in a 400% increase in locally produced food (46). In 
contrast, Zambian and Ethiopian farmers received in 1980 approximately 
half the price for their cereals that they had received a decade 
earlier. Production of cereals in both countries declined significantly 
during this period. 
FAO studies indicate that price policies were significantly 
less favourable to farmers in Africa than in any other developing 
regions in the period from 1969/71 to 1981183. Prices paid to African 
producers for export crops fell by 17% in real terms over the period, 
compared with rises of 3% in the Near East, 11% in Asia and 17% in Latin 
America. It was concluded that the decline in prices was caused by the 
policies of African governments rather than by declining world market 
prices (47). 
2.5.3. Inadequate Infrastructure and Markets 
In many developing countries weak infrastructure is a major 
constraint to the delivery of inputs and the transport of farm 
commodities to market (39). Extending infrastructure helps to remove 
these constraints and allows further intensification of production in 
favourable areas which, in turn, helps to reduce pressure for increased 
production in the more fragile environments. 
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The problems of inadequate infrastructure are particularly 
severe in Africa. In 1982, for example, there were only 206,000 km of 
roads in the 14 landlocked countries of Africa. Furthermore, the rail 
system in Africa was developed during the colonial period primarily as a 
means of transporting exports and imports between the coastal ports and 
inland areas. But Central Africa, because of its vast distances from 
ports, has no major links by rail in spite of its agricultural. 
potential (48). Because of low population densities in central Africa 
as well as in many other areas, the cost per capita of providing roads 
and other services is much greater than in most other regions of the 
world (49). 
Improved access to channels of marketing and processing can act 
as a major production incentive, but marketing networks are often 
inadequate. In many developing countries, there has been inadequate 
investment in market places, the dissemination of market information, 
the development of standard weights and measures and quality control. 
Studies in Bangladesh have compared areas with different levels 
of infrastructure. Compared with the poorly developed areas, those with 
well-developed infrastructure showed significant increases in the level 
of adoption of new technology, in the proportion of land devoted to 
high-value crops, in employment, in prices of marketed produce and in 
wage rates. The studies also showed strikingly lower marketing costs 
and thus greater competitive power on international markets in Asian 
countries compared with those in Africa. On average, the Asian farmers 
received 75-85X of the prices paid by the final users for agricultural 
commodities, whereas African farmers received only 30-50X. Half of this 
* difference was attributed to better infrastructure in Asia (50). 
2.5.4. Inadequate Inputs and Credit 
In many circumstances, the achievement of sustainable 
production will require increased use of purchased inputs such as seed, 
fertilizers, pesticides, implements and equipment. The elimination of 
some of the major constraints to their availability at reasonable 
prices, as well as the provision of credit for their purchase, must be 
accorded high priority in development plans. 
In some instances, declining export revenue and the high 
priority that governments attach to other imports, including food, 
result in inadequate importation of needed agricultural inputs. 
Furthermore, poor systems of marketing and distribution in many 
developing countries mean that farmers have difficulty in obtaining 
inputs on a timely basis, if at all. 
The ratio of prices of inputs to those received for farm 
products often discourages a more intensive use of purchased inputs. 
Unfavourable price ratios may be caused by high costs of external 
inputs, high costs of transport, or a deliberate policy to keep food 
prices down. In order to minimize the effect of the resulting 
disincentive, some governments have resorted to subsidies of purchased - 
inputs. Such subsidies are not necessary if producer prices are 
sufficiently high to provide the necessary incentives. Where this would 
imply intolerable hardship for poor consumers, consumer subsidies, 
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carefully targeted to low-income groups, may be an alternative to 
subsidizing inputs. 
Many farmers in developing countries do not use adequate inputs 
because they do not have the resources to purchase them. Financial 
intermediation in rural areas by commercial or governmental institutions 
is often weak, resulting in ineffective or inaccessible mechanisms for 
saving and the provision of loans. Existing mechanisms for providing 
loans commonly favour export crops over staple food crops. Furthermore, 
small resource-poor farmers - especially women - often have great 
difficulty in securing credit, either because of their lack of title to 
land, or because of the cost to banks of administering credit schemes 
for small producers of food-crops. 
2.5.5. Weak Institutions for Research, Extension and Education 
Because the adoption of improved farming practices lies at the 
heart of sustainability, research, extension and education must be given 
high priority. Although considerable progress has been made in some 
Asian and Latin American countries, the performance of national 
agricultural research systems in Africa in recent years has generally 
been weak (45). 
In addition to an often inadequate level of support, the 
limited success of national agricultural research systems has a variety 
of other well-known causes, such as lack of continuity, lack of a reward 
structure for staff and lack of critical mass. But many of the 
shortcomings of research services simply reflect weaknesses elsewhere. 
The absence of clearly-defined priorities may result from a lack of a 
clear national strategy for agricultural development or from weak 
linkages between research staff and those involved in economic planning. 
Likewise, inappropriate research objectives may result from inadequate 
linkages with the extension services and with the farmers themselves, 
who may be unable, through lack of organization, to influence the aims 
of the research effectively. 
Despite widespread evidence of high returns from investment in 
agricultural research, it remains surprisingly underfunded in many 
developing countries. Different authorities have suggested targets for 
research funding ranging from 0.5% to 2.0% of agricultural GDP. Even 
though several Asian countries have large and relatively effective 
research systems, the minimum suggested level of 0.5% has not yet been 
reached (39). 
Limitations imposed by inadequate national research systems are 
often aggravated by weaknesses in extension services. Many extension 
services tend to be orientated more towards export crops than food crops 
and they often fail to reach small farmers. They generally bypass or 
neglect women who play key roles in the production, processing and 
marketing of food crops. 
Moreover, the development of capabilities in research and 
extension, requires more well-trained agricultural personnel than 
educational and training institutions in developing countries are 
currently providing. It is estimated, for example, that nearly a 
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quarter of the African countries will experience a major shortage of 
professional personnel during the next fifteen years or longer and that 
more than one-third will have a major shortage of technical 
(intermediate) level staff (16). 
A major problem in many, if not most, developing countries is 
that salaries in educational institutions, as in those for research and 
extension, often account for a high proportion of recurrent expenditure, 
leaving the staff with limited funds for operation. Many governments 
have also found it difficult to provide adequate funding once donor 
support ends (16). 
There is also considerable evidence that greater emphasis on 
general education of farm and rural people contributes significantly to 
the development process. Moreover, if wider awareness of the need to 
conserve resources is to become a reality, then the principles of 
sustainability must be built into the curricula of both schools and 
universities. 
2.5.6. Problems Related to Tenure 
Various tenurial rights affect agricultural development, but 
the most widespread is land tenure, which has recently been reviewed by 
FAO (51). 
Examples of how communal tenurial rights may impede long-term 
agricultural development are well documented. In many African and 
Middle Eastern countries, for instance, communal rights permit the 
communal winter-grazing of cattle on land that is cultivated by 
individuals. Such overriding communal rights seem to impede the longer- 
term advances in land improvement that might be achieved, for example, 
through fencing, planting perennial crops, or the development of 
agroforestry. Individual or household interests may conflict with those 
of the community as a whole. The individual household may perceive no 
short-term costs in increasing its herd on the communal grazing land. 
But if all households were to do the same, overgrazing and long-term 
ecological damage could result, as has already been widely experienced. 
Land tenure may significantly affect the degradation of natural 
resources and the sustainability of production systems in other ways. 
In some Latin American countries, for example, much of the better land 
is held by large owners. Many of the peasants have to cultivate less 
productive, more fragile land on hills and mountains, with strongly 
negative environmental consequences. In Africa, however, there have 
been a number of examples of significant production of perennial crops, 
such as oil palm, on land under customary or communal tenure, where the 
indigenous farmers were able to compete successfully with plantations. 
The traditional forms of customary tenure, however, may not be 
sufficient. Rapid growth of human and livestock populations has led to 
unsustainable pressures on the land. In some areas, holdings have 
become excessively fragmented and are now too small to provide adequate 
subsistence using traditional technologies. Furthermore, farmers have 
spread out on the land traditionally occupied by pastoralists, leading 
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to conflicts between the two groups and to overgrazing on the area not 
under cultivation (16). 
Special recognition should be given to the rights of women 
under various land-tenure systems. In many areas, women are the primary 
producers of agricultural products. Yet they often do not own the land 
they farm, which may be a major disincentive to long-term improvements. 
For all these reasons, the formulation of research objectives 
should take into account existing and evolving tenurial rights. The 
questions they pose may be so important for agricultural sustainability 
as to warrant further research in their own right, especially at the 
national level. 
2.5.7. Inadequate or Inappropriate Laws and Regulations 
In general, developing countries have not promulgated adequate 
laws and regulations to control the use of land or to protect forests 
and rangelands from indiscriminate exploitation. Nor is there adequate 
control of the use of water resources in catchments, rivers, lakes and 
aquifers nor legislation to facilitate schemes for land improvement or 
irrigation. Stronger international support of the efforts of national 
governments to address these matters is needed. 
Some countries have introduced legislation that is adequate in 
principle, but they have been unable to enforce it in a satisfactory 
manner. Without appropriate public control or regulations enforced by 
mutual consent, the chances of maintaining or achieving environmental 
stability and sustainable agriculture are considerably diminished. 
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CHAPTER 3. CONTRIBUTIONS BY THE IARCs TO RESEARCH RELATED TO SUSTAINABILITY 
3.1. Introduction 
The first two chapters of this paper described the evolving 
global awareness of the need for sustainability in agricultural 
production and analyzed the processes through which it is endangered or 
enhanced. None of the concepts described is new, nor calls for work 
that is qualitatively different from a great deal that has been done in 
the past. Any discussion of future strategies for research related to 
sustainability should therefore be conducted against a background of 
work already in progress. This chapter draws on a few examples to 
illustrate the types of contribution already being made by the IARCs. 
Details are given in Annex I. 
3.2. The Comprehensive Approach 
The IARCs have been at the forefront of the comprehensive 
approach to agricultural research in which component research is 
conducted in the context of the farming system to which it relates. The 
methodologies developed by the Centres for a farming systems 
perspective and the initiatives already taken to harmonize the 
terminology and content of training courses are all highly relevant to 
the new emphasis on sustainability being urged by TAC: 
In addition to training and the development of methodology, 
many of the Centres are also involved in farming systems networks that 
I give them continuous insights into the problems of sustainability at the 
level of the farm household and permitting the integration of ideas from 
technological and socio-economic research. Policy research has also 
featured strongly in the overall effort of the IARCs and continues to 
contribute in many important ways to creating a favourable environment 
for agricultural development, without which sustainability will never be 
achieved. 
3.3. Novel Production Systems 
Many of the IARCs are contributing to research on the 
development of novel production systems. IITA has been involved for 
many years in methods of soil mulching and mixed cropping, as well as in 
screening woody perennials for their potential use in systems of 
agroforestry, such as alley farming (52, 53). In collaboration with 
ILCA, the potential of this system for sustainable production of crops 
and small ruminants in the humid and sub-humid tropics has been clearly 
demonstrated, but its implementation on a large scale awaits further 
research into the socio-economic aspects. 
In the semi-arid tropics, ICRISAT has made notable progress in 
new systems of management of small watersheds, the management of 
vertisols during the rainy season (54) and in various systems of 
intercropping (55). ICARDA has shown how production can be sustained in 
the dry regions of West Asia and North Africa through the application of 
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relatively small amounts of phosphate in production systems that 
integrate cereal, livestock and legume productipn (56). CIMMYT has 
extended this system to produce wheat in similar environments in Latin 
America. In the same continent, CIAT's work on improving pastures and 
livestock production shows such promise that it too could be regarded as 
a "novel" production system. CIP continues to demonstrate the 
versatility of the potato and IRRI the pervasiveness of rice in a range 
of new production systems. 
While not itself a research institution, ICRAF promotes 
research on production systems that incorporate woody perennials, 
particularly in relation to their potential for sustaining crop and 
animal productivity. It is taking the lead in clarifying terminology 
and developing methodology for research in agroforestry (57). ICRAF 
suggests that, in the process of intensified land-use, trees can play 
both an ecological role (e.g. fertility maintenance and erosion control) 
and an economic role (e.g. increased income through sale of tree 
products) (58). 
Centres involved in productivity research are working with the 
national systems, the World Meteorological Organization and the 
International Soil Science Society in the accumulation and analysis of 
data for agro-climatic characterization of environments (59). Such 
knowledge is essential for defining the broad domains of application for 
both existing and novel production systems. 
3.4. Biological Determinants 
In that the dynamic concept of sustainability implies 
increasing productivity to meet the needs of a growing population, all 
the work of the IARCs on germplasm has implications for sustainability. 
The conservation of genetic resources, for example, through exploration, 
collection storage and evaluation, is designed to preserve sources of 
genetic diversity without erosion or deterioration. Work on crop 
improvement is designed to increase productivity while introducing and 
maintaining resistance to environmental stresses, such as pests (in the 
broad sense), drought, salinity and soil toxicity. A basic aim is to 
breed for broad adaptation and achieve greater yield stability in order 
to reduce those wide fluctuations in seasonal production that are so 
harmful to the small producer. 
Major emphasis has been placed throughout the CGIAR System, as 
well as by ICIPE and AVRDC, on the development of integrated pest 
management (IPM), tailored to meet the needs of resource-poor, small- 
scale farmers. IPM emphasizes the development and use of more 
sustainable methods of pest control that incorporate host-plant 
resistance, intercropping and biological control, so as to minimize the 
requirement for chemical pesticides. 
Several of the IARCs are involved in one or more aspects of 
animal health and nutrition. The work of ILRAD is devoted to the 
control of diseases in cattle, mainly theileriosis and trypanosomiasis. 
Success could have enormous implications for livestock production in 
Africa and elsewhere. ILCA is investigating problems of nutrition in 
cattle and small ruminants. Small ruminants also feature strongly in 
the programmes of ICARDA. 
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3.5. Physical Determinants 
The Centres involved in productivity research devote a 
considerable part of their effort to research on soil and water 
management. All are working on aspects of soil fertility, often 
involving the determination of nutrient requirements under different 
soil conditions and cropping systems. 
Among the many contributions to a greater understanding of soil 
and water management in rainfed agriculture, ICRISAT is conducting 
research on a wide range of problems relating to the conservation of 
soil and water in the semi-arid tropics. IITA has penetrated deeply 
into the problems of the main soil types of the humid and sub-humid 
tropics, seeking ways of improving their fertility and reducing 
erosion (52). ICARDA, which gives high priority to increasing water-use 
efficiency, is investigating various components of production systems 
that reduce erosion and contribute to sustainability under conditions of 
a Mediterranean environment (56). 
Among the many relevant projects of those Centres whose 
mandates are defined mainly in terms of commodities, CIAT is adapting 
methodologies and techniques for the control of erosion in its cassava 
programme (60); ILCA is investigating animal traction to develop 
low-cost, locally-made implements for soil and water conservation in 
highland zones; and IRRI is working on the improvement of land 
management, including erosion management of uplands, improved fallows 
and zero tillage. 
Of the non-CGIAR centres, IBSRAM, through its networking 
approach, is promoting research on the management of vertisols and acid 
tropical soils; IFDC is collaborating with numerous national programmes 
and with other IARCs on the use of fertilizers to improve productivity 
and sustainability; ICRAF has conducted several studies on erosion 
control in systems of agroforestry; while IIMI, through its emphasis on 
irrigation management at all levels, seeks to improve soil and water 
management in irrigation schemes. 
3.6. Socio-economic Determinants 
Most of IFPRI's work relates directly or indirectly to the goal 
of achieving agricultural sustainability. For example, IFPRI is 
studying the social and economic consequences of clearing tropical rain 
forest in Brazil for agricultural settlement. It is in its analyses of 
development strategies, however, that the Institute can likely make its 
most significant contribution to sustainability. Studies of growth 
linkages, the development of infrastructure and the problems of 
populations in areas of low potential are all important aspects of 
research in support of options for development strategies. 
Centres with commodity mandates are also contributing in their 
socio-economic research to greater understanding of sustainability. At 
ILRAD, for example, a group of three scientists is analyzing the 
potential economic, social and environmental impact of improved control 
of theileriosis and trypanosomiasis. Many of the Centres become 
involved in the analysis of policy options, in collaboration with the 
national systems. 
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In its work to strengthen national agricultural research 
systems, ISNAR keeps in mind major environmental and sustainability 
issues. Their relation to policy is important in assisting countries to 
define their programme objectives. Sustainability also features in the 
development of concepts and methodologies for training in research, 
which also forms part of ISNAR's work. 
3.7. The Way Ahead 
While TAC recognizes the substantial contributions already made 
to research on sustainability by the IARCs, the needs are so great that 
much more needs to be done. In the final chapter of this paper, TAC 
outlines the changes in strategy it recommends to strengthen the 
contributions of the CGIAR Centres to the goal of sustainability. 
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CHAPTER 4. RECOMMENDED STRATEGIES FOR RESEARCH RELATED TO 
SUSTAINABILITY WITHIN THE CGIAR SYSTEM 
4.1. Responses to the Challenge 
If sustainability is considered in the context TAC proposes, 
agriculture must be managed to meet the needs of steadily increasing 
numbers and rising aspirations of people. This means not only that the 
pressures threatening current production levels must be alleviated, but 
also that major efforts must be made to increase productivity to meet 
growing needs. 
Throughout the world, the enormity of these tasks is causing 
serious and rapidly growing concern. Finding timely and workable 
solutions presents a major challenge, which should receive high priority 
on a continuing basis, not only by the CGIAR but by all organizations 
and institutions that can make a contribution. Further emphasis of the 
need for high priority stems from the knowledge that all regions of the 
world, including both developing and industrialized countries, face 
problems of agricultural sustainability to a greater or lesser extent. 
The sense of urgency that this engenders should reinforce the concerted 
effort that will be necessary for success. 
Clearly, many of the circumstances that limit the achievement 
of sustainability (chapter 2) cannot be solved by the CGIAR or through 
agricultural research alone. National governments and their development 
services will bear the brunt of the problems, and success in achieving 
sustainability will ultimately depend upon their commitment. 
Nonetheless, continuing research is crucial for successI The CGIAR 
institutions and the national agricultural research systems must 
constantly review their programmes to give greater emphasis and 
visibility to those aspects relating to sustainability. 
Although TAC believes that the CGIAR System can make a 
significant contribution, its total effort must be kept in perspective. 
In 1980, total expenditure in the CGIAR System represented only 1.6% of 
the global public sector expenditure and approximately 5% of developing 
country expenditure on agricultural research (2). But the CGIAR Centres 
can have an impact far greater than their relative level of expenditure 
through their ability to influence research activities in other 
institutions throughout the world. Furthermore, donors and other 
components of the CGIAR System can help to focus attention on 
sustainability and encourage governments and relevant institutions to 
accord it appropriate priority. 
If, as TAC has suggested, sustainability relates to the 
successful management of resources for agriculture to satisfy future 
human needs, it might well be argued that most of the work of the IARCs 
is already contributing to this goal. The key questions, therefore, are 
not so much whether the Centres are working to make agriculture more 
sustainable, but whether they should be doing more, whether there should 
be a different emphasis in the work, and whether major restructuring of 
the approach is necessary. 
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4.2. Research with a Sustainability Perspective 
The support of agricultural research centres that are 
international in character can be justified by their potential to 
develop innovations that can be easily adapted to locally different 
agro-ecological and socio-economic conditions. Past successes have 
shown that new techniques must be developed within an appropriate 
socio-economic context, in close collaboration with national 
agricultural research systems and with a farming systems perspective. 
This experience, which has guided the evolution of 
methodologies for productivity research in the CGIAR, is also relevant 
to research related to sustainability. TAC does not see the research 
required as an entirely separate or discrete area of activity. Rather, 
concern for sustainability should be reflected in all aspects of 
productivity research. TAC therefore recommends that research at the 
Centres designed to generate agricultural innovations should be planned 
and conducted with a sustainability perspective. 
Agricultural innovations can seldom be regarded as intrinsically 
good or bad from the standpoint of sustainability. Their acceptability 
in this respect depends on the circumstances in which they are applied. 
Research with a sustainability perspective should therefore involve a 
recurrent learning process, starting from the time the experiments are 
planned and designed to stimulate the development of alternatives that 
might more appropriately meet the needs of sustainability. The various 
technological innovations suggested by the research should be assessed in 
relation to sustainability and their potential domains of application 
specified. 
At the level of the single domain of application, the process 
of assessment would naturally be linked to the farming systems approach. 
Indeed considerations of sustainability should feature strongly in 
on-farm research automatically involving feed-back from the farmers 
themselves. Sustainability should always be an evaluation criterion in 
the process of identifying, screening and adapting technological 
solutions to farmer problems. During this process, the disciplinary 
scientists should interact with the research team who would have a 
detailed knowledge of the local circumstances, including the farming 
system in which the proposed technological solution would be applied. 
The specialists would prescribe the content, timing and method of each 
potential solution. They should also spell out the requirements for, 
and effects on, sustainability. 
The research team could then use their knowledge of local 
circumstances to analyze whether the sustainability requirement can be 
met. Sustainability should be evaluated jointly with other criteria, 
such as farmer priorities and resources, research costs, input 
availability, profitability and risk, in deciding, ex ante, if the 
proposed changes are feasible and suitable for inclusion in the 
programme. 
The implications for applied research are clear. Just as it 
has become accepted that new farm practices have labour, cash and 
management implications that will be important to the farmer, so they 
will also have implications for sustainability that will be important 
not only to the farmer but to the community as a whole. 
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Even with careful prior assessment and evaluation, some new 
techniques might eventually prove to have undesirable consequences from 
a sustainability perspective. Moreover, techniques designed for one set 
of circumstances might be used in others for which they were not 
intended. For example, mechanized techniques of land preparation 
designed for flat land might be used by farmers on slopes, thus exposing 
the soil to erosion. Centres must remain alert to these possibilities 
and not attempt to shield themselves from the responsibility of exposing 
the shortcomings of work they have initiated, or of accepting the 
challenge of responding to a need for modified techniques for different 
conditions. 
The open discussion that must prevail should involve all 
concerned. Clearly, representatives of the national agricultural 
research systems should be involved from the outset. It might be 
appropriate, at times, to involve donors and TAC. Ultimately, the 
decisions would primarily be ones of development strategy, involving 
such considerations as the trade-offs between short-term and long-term 
interests and between those of the farmer and the community as a whole. 
Because of the political dimensions, it is not the responsibility of 
Centre scientists to become involved in decisions of this type. Their 
role is to help to ensure that, within the limits of current knowledge, 
the options are clearly understood. 
All of these.principles imply a continuing need for the Centres 
to remain in close touch with on-farm research through their involvement 
in networking arrangements with national research sy,stems. They also 
have implications for the further development of training in the 
methodologies of on-farm research to ensure that evaluation of 
sustainability is adequately emphasized (see also section 4.3). 
TAC considers that, in formulating or revising their strategic 
plans, Centres should include proposals for maintaining a sustainability 
perspective throughout their programmes. 
4.3. The Measurement of Long-term Sustainability 
Many of the considerations that relate to sustainability are 
qualitative in nature. At the level of the production system, 
measurements can,be made on a continuing basis during the course of 
routine experimentation. The question arises, however, of the extent to 
which the wider aspects of sustainability might be quantified, using a 
judicious combination of theoretical considerations, experimentation and 
modelling. TAC does not consider that Centres should be solely 
responsible for developing methodologies for this purpose, but they 
should collaborate with institutions and organizations that specialize 
in the assessment of agricultural change and environmental impact. Nor 
should the Centres become directly involved in the extensive collection 
of primary data for these purposes. 
The principles developed for the collection of primary data for 
agro-ecological characterization, in which the national systems make a 
major contribution, should be extended to those required for measuring 
long-term sustainability. The Centres should play a catalytic role in 
this work, which would obviously involve both agro-ecological and 
38 
socio-economic aspects, including changes in the availability of 
resources. 
As the Centres develop their research with a sustainability 
perspective, it might well be desirable to convene an inter-Centre 
workshop on problems of measuring and monitoring sustainability. 
4.4. Balance in Research 
Much of the research in the CGIAR System is concerned with 
improving the productivity of crops and livestock. Consideration of the 
balance of effort within the productivity research programmes raises two 
basic questions. The first relates to the mix of research in the 
multidisciplinary approach. Should the commodity programmes, for 
example, devote less relative attention to plant breeding and more to 
resource management as defined in this paper (i.e. including what in the 
CGIAR has become known as "factor research")? 
This question is in no way meant to imply that research in 
genetics and plant breeding is becoming less important. On the 
contrary, plant breeding has a crucial role to play in the continued 
increase in crop productivity and yield stability in all environments. 
TAC clearly cannot make generalizations about the relative balance among 
major areas of research within individual Centres. The issue is one 
that must be kept under continual review, but relevance to 
sustainability must feature strongly in future consideration of research 
activities and priorities. 
TAC recommends that Centres with commodity mandates review the 
balance of activities in their productivity research. Sustainability 
concerns may make it desirable, if not essential, for some Centres to 
give increased attention to research on problems of resource management. 
The second question relates to the balance within the System as 
a whole between productivity research related to specific commodities 
and research on resource management which is not commodity-specific but 
is closely related to problems of sustainability. 
In its study of priorities and future strategies, TAC 
recommended almost doubling the percentage of the total research effort 
devoted to management and conservation of natural resources in the 
System as a whole, and a roughly proportional reduction in the 
percentage devoted to crop productivity research per se. TAC reaffirms -- 
this position but stresses the relevance of all research on resource 
management (in the wide sense) to the goal of sustainable productivity. 
The broad-bed and furrow system of land management developed by ICRISAT, 
for example, might increase the productivity of castor bean and cotton 
as much as pigeon pea and sorghum. Nonetheless, to work on such 
problems does not lessen ICRISAT's contribution to the productivity of 
its mandated crops. On the contrary, it enhances it. 
Indeed, in TAC's view the Centres with commodity mandates 
should not be prevented from penetrating deeply into any aspects of the 
natural and socio-economic environments on which the sustainability of 
production of their mandated commodities depends. There are many 
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aspects of both that are not related to specific commodities but which 
contribute to sustained commodity production. 
Perhaps it has been a lack of clarity in presenting these 
principles t-hat has led to the misconception that the "commodity focus" 
is inherently incompatible with research on the major problems related 
to sustainability. TAC does not consider that restructuring of the 
institutional approach is required, but recognizes that changes in 
emphasis will be needed as well as stronger collaboration among the 
CGIAR institutions, as well as between them and other institutions whose 
work impinges on issues of sustainability. 
4.5. Short-term and Long-term Objectives 
Just as the farmer is faced with the choice between short-term 
and long-term considerations (see section 1.6), so the research worker 
has to consider both horizons. If the goal of sustainable agricultural 
production is to meet the changing needs of people, research must 
clearly cater for both short-term and long-term needs. Centres already 
direct their activities largely towards meeting the needs of people, but 
the extent to which they specifically include long-term considerations 
of sustainability in their research planning differs with the nature of 
their mandates. 
In spite of the dilemma of the resource-poor farmer in the 
choice between short-term and long-term gains, Centres must be guided by 
the principle that stability of the environment should not be 
consciously sacrificed for short-term gains. The aim should obviously 
be to devise technologies that can meet short-term requirements while, 
at the same time, maintaining or enhancing the ability to meet long-term 
production needs. 
There are, indeed, many circumstances in which short-term and 
long-term interests coincide, such as in the effects on soil fertility 
of the optimum use of fertilizers. Other examples include properly 
designed irrigation schemes and reclamation projects, especially in 
otherwise fragile environments, as well as such activities as the 
creation and use of gene banks. Research with a sustainability 
perspective should recognize such dual effects and exploit their 
potentialities. 
4.6. Different Levels of Inputs 
TAC considers that the Centres should give greater emphasis to 
research designed to optimize productivity from the use of low levels of 
inputs, consistent with the requirements of sustainability. The dangers 
with low-input agriculture are those associated with not returning to 
the soil the amounts of nutrients removed by crops. The aim of research 
should be to promote an evolution towards greater productivity from 
balanced systems, which may require progressively higher levels of 
purchased inputs to ensure that the requirements of sustainability are . 
met. At all levels, the aim should be to use inputs as efficiently as 
possible. 
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Because many farmers do not have access to purchased inputs, 
cannot afford them, or do not use them because of the uncertainty of 
obtaining economic returns, the Centres have recognized the importance 
of research, both to alleviate these constraints, and to benefit 
resource-poor farmers, especially those in the less favourable 
environments. Programmes include the development of varieties that are 
resistant to pests, that are tolerant of environmental stresses such as 
drought, salinity and aluminium toxicity, or that exploit limited soil 
resources more effectively through better root systems or association 
with mycorrhiza. 
All these varieties are geared towards the more effective use 
of scarce resources. However, although each new feature helps to remove 
a certain constraint, the higher production it permits may not be 
sustainable unless other constraints are also alleviated. For example, 
if higher yields are attained by developing a variety resistant to a 
serious pest, the higher production is ephemeral unless the nutrients 
removed in the harvested crop are recycled as manure or plant residues, 
or replenished through the use of fertilizer. The soil is simply mined 
more rapidly and sustainability is limited by nutrient deficiencies. 
There are large differences, however, in the demands for 
nutrients made by different crops and different production systems. At 
one extreme is the intensive production of wheat or rice in multiple 
cropping systems; at the other, the production of cassava where the crop 
may be harvested only once in three years. With appropriate management, 
the cassava production system is sustainable with very low external 
inputs. 
One urgent need under low-input conditions is to alleviate soil 
degradation and prevent further erosion. Techniques are required that 
give the farmer an immediate benefit, while also contributing to 
long-term sustainability. The use of animal manure and fertilizers is 
crucial in this respect, but other improvements can also be made. For 
example, grass strips can be establlshed to provide reserves of fodder 
for use at critical times of the year, while protecting the soil from 
erosion. Also, in some environments, legumes might be grown for both 
short-term and long-term benefits. For example, it might be possible to 
grow a leguminous crop with applied rock phosphate on residual moisture 
after the main crop has been harvested. The farmer would thus obtain 
fodder for use in the dry season and soil fertility would be improved 
both from animal manure and from the decomposition of the legume's 
roots. 
Centres should review the emphasis given to low-input farming 
in their research programmes and increase it where appropriate. They 
should also review their approaches to research on low-input farming to 
ensure that the sustainability perspective is adequately taken into 
account. 
Much of the public concern in the industrialized countries 
about the sustainability of agriculture has been generated by the 
development of highly productive agricultural systems that require 
considerable industrial inputs. Without the existence of these systems, 
however, it would not be possible to meet the food demands of the 
increasing world population unless more, but less suitable, land were 
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brought into cultivation, further degrading the surface of the earth and 
destroying natural ecosystems in the process. 
Without a more intensive agriculture, therefore, sustainability 
would be sacrificed. But with it, sustainability is not ensured. On 
the contrary, there are many disturbing developments such as the 
degradation of irrigation systems; the wasteful use of fertilizers 
leading to contamination of aquifers; the build-up of noxious pests, 
diseases and weeds and the large dependency on pesticides to control 
them; the slow but steady sheet erosion under otherwise good 
agricultural conditions; and the replacement of local varieties causing 
erosion of genetic resources. 
Many of these problems manifested themselves first and foremost 
in the industrialized countries where they have been taken up' as an 
important challenge for research. While it is questionable whether 
enough has yet been done, CGIAR funds should not be diverted to research 
on problems that occur to a large extent in the developed world and are 
therefore already studied in depth elsewhere. 
Nonetheless, in their work on high-yielding systems, Centres 
have a responsibility to maintain, or introduce, a sustainability 
perspective. They should confine in-depth research, however, to those 
problems that manifest themselves in tropical and sub-tropical 
environments. For example, there are problems of sustainability related 
to the cultivation of flooded rice in both irrigated and rainfed 
environments, such as the lack of drainage, salinization, fertilizer use 
and the management of pests, diseases and weeds. 
TAC considers that, under appropriate conditions, the use of 
high levels of industrial inputs in production systems can make 
important contributions to sustainability and recommends that high-input 
production systems and related policy issues be included in research 
programmes of the CGIAR Centres. TAC suggests, however, a selective 
approach to research related to sustainability in these systems to avoid 
duplicating research being done in the industrialized countries. 
4.7. Sustainabilitv and Eauitv 
Although there is a continuing debate about who has benefitted 
from the generation and application of agricultural innovations, socio- 
economic research has made it clear that increased production has led to 
falling prices of the main staple foods in much of the world, and that 
the principal beneficiaries have been the poorest consumers. 
In well-endowed regions, the initial adopters of new techniques 
are usually the larger farmers, but smaller farmers will also adopt them 
eventually because many new techniques are scale neutral (61). 
Consequently, the limiting factor for the spread of innovations appears 
not to be farm size as much as the environment of the region in terms of 
its natural resources and infrastructure, illustrating the obvious 
linkage between low incomes and poorly-endowed regions. 
The producers who have not gained are generally in less-endowed 
regions. Even worse, they may actually suffer as a consequence of 
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falling prices which reduce their incomes and make farming in the region 
unsustainable, because they may be forced to sacrifice ecological 
stability for short-term needs , .or to migrate to urban slums. 
In less-endowed regions, there are often many ways and means of 
increasing production in a stable way, but the new techniques cannot be 
applied economically because of open competition with well-endowed areas 
where food has to be produced in quantities sufficient to hold prices 
down for the poor consumer. Hence, there is conflict in equity between 
the needs of the farmers in the less-endowed regions and those of the 
poor consumers, many of whom inhabit urban slums. Different 
agricultural policies have been developed to resolve this conflict. 
Their application may lead to different agricultural production 
structures which, in turn, give rise to different sustainability issues. 
Accordingly, TAC reaffirms its earlier recommendation that the 
Centres give greater emphasis, to the development of techniques that are 
especially applicable in less-endowed regions. In addition, TAC 
stresses that assessment of these techniques with respect to 
sustainability requires a thorough analysis of evolving agricultural 
policies in the domains of their application. 
4.8. Improved Production Systems 
While the productivity of traditional farming systems may 
become inadequate to meet growing needs, the principles on which they 
are based have permitted them to persist for generations. Research has 
already led to considerable understanding of the strengths and 
limitations of many aspects of traditional systems. Others, such as the 
effect on pests and diseases of complex mixtures of crops, are more 
difficult to analyse and research methodologies for this purpose are 
still evolving. 
There are dangers both in disregarding the principles of 
traditional systems and in assuming that, because they are appropriate 
in some cicumstances, they will remain appropriate in others. For 
example, traditional systems of irrigated rice production in Asia have 
been sustained for hundreds of years , principally through the fixation 
of nitrogen by blue-green algae and through the natural input of other 
minerals from seepage water and by soil deposited as a consequence of 
erosion from above. As the intensity of these systems is increased, 
however, they are no longer sustainable unless they receive additional 
inputs. 
Another example is provided by the semi-nomadic transhumance in 
the Sahel, which is by far the most important animal husbandry system in 
the region. It benefits from the high-quality forage in the northern 
Sahel while, in the dry season, livestock are maintained near permanent 
watering points in the southern Sahel. This system is labour intensive, 
but in terms of production per hectare it is more productive than many 
modern systems of ranching in comparable environments, such as those in 
the USA and Australia. 
Effective as they were in the past, these systems are 
deteriorating because of increasing demands on them by an increasing 
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population, and because livestock are increasingly passing out of the 
hands of the experienced pastoralists into those of farmers and 
investors. Research and extension are doing little to alleviate the 
decline, because the effectiveness of the traditional systems has been 
underestimated and the potential productivity of the natural resources 
overestimated. Solutions are not to be found so much in digging wells, 
veterinary help and the protection of the grazing lands, as they are in 
the mutual support of transhumance and arable systems through the better 
use of fertilizers, legume fodders and cash crops. Unfortunately, 
however, the underlying socio-economic considerations for applying such 
a solution are not favourable because of the animosity between 
pastoralists and farmers, and the competition from imported meat in the 
West African markets (61). 
In sedentary animal production systems, there is also a 
mounting need for affordable techniques that supply feed at costs the 
farmers can afford. The most important sources are crop residues on 
arable fields and roughage from adjacent uncropped areas. Both could be 
managed more efficiently, but would require external inputs to increase 
production. Although grain is the most important part of the cereal 
plant for human consumption, the straw may be equally important for 
maintaining livestock production. This must be kept in mind in breeding 
programmes aimed at systems involving both crops and livestock, as in 
the barley breeding programme at ICARDA, for example. 
Allowing trees to grow where crops and livestock are produced 
has long been part of traditional production systems- The deliberate 
planting of woody perennials in production systems is relatively new, 
however, and it is this that has become known as agroforestry. The 
trees and shrubs are described as "multipurpose" to distinguish them 
from trees planted primarily for timber. 
In well-managed systems of agroforestry, multipurpose trees and 
shrubs provide fuel-wood, poles for fencing and building, browse for 
livestock, and mulch for the soil. The mulch protects the soil, 
improves infiltration and helps to prevent erosion. Moreover, the 
return of organic matter to the soil contributes to nutrient recycling, 
especially nitrogen, if leguminous trees and shrubs are used. 
These principles have been adopted in the development of "alley 
farming" systems at IITA. Arable crops are grown between alleys of 
leguminous shrubs, such as Leucaena, planted on the contour. The 
production of small ruminants using browse from the shrubs is being 
investigated in a collaborative programme with ILCA. By recycling the 
nutrients through the animals, the farmer receives a tangible return 
from growing the shrubs. Variations of this system, now being explored 
in a network of on-farm trials, show considerable promise for 
incorporation into crop and livestock production systems in the humid 
and sub-humid tropics. 
Generally, there is a need for much more research on the 
management of crops and livestock in production systems that exploit the 
principles of agroforestry in order to optimize production and ensure 
sustainability. There is also a need to investigate more fully the wide 
range of multipurpose trees and shrubs that might find a place in 
production systems of this type. 
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TAC encourages Centres to continue to investieate asnects of 
more intensive production systems that could evolve from sound 
traditional systems. Whenever appropriate, this work should include 
aspects of agroforestry. 
4.9. Advances in Biotechnology 
In the common effort to achieve sustainable production, 
research workers, scientific leaders and policy makers must remain alert 
to the implications of the evolving frontiers of knowledge in the 
biological sciences. Because increasing productivity is a necessary, 
but not a sufficient, condition of sustainability, innovations that 
accelerate the progress of productivity research also contribute 
indirectly to sustainability. In this respect, new techniques emerging 
from the biological sciences already offer important opportunities. But 
some of them also have the potential of contributing more directly to 
sustainability, for example, by incorporating alien genes into plants 
that will provide more durable forms of resistance to pests and 
diseases. Additional research will be required, however, to ensure that 
changes effected in crop plants through genetic engineering do not have 
adverse effects on human health or the ecological balance. 
It is necessary for Centres to assess on a continuing basis the 
potential cost-effectiveness of incorporating new capabilities in 
biotechnology into their research programmes in relation to other 
demands on their resources. 
TAC considers that Centres involved in DrOduCtiVitV research 
should have the capability to monitor advances in biotechnology and, 
when appropriate, develop the in-house capacity to use techniques that 
would assist their research nrosrammes in a cost-effective manner. 
4.10. Policy Research 
Chapter 2 of this report clearly indicates that many of the 
problems that threaten sustainability relate to economic, social, 
political and institutional considerations. Although these problems do 
not have technological solutions, they lend themselves to policy 
research aimed at discovering those options most likely to create 
circumstances that are favourable for the promotion of sustainability. 
It is particularly important to considerations of sustainability 
that regions should recognize the long-term comparative advantage of 
particular agro-ecosystems and progressively tune their demands on 
natural resources to match the underlying ecological potential. In this 
respect, policy research dealing with supply-demand balances can be 
particularly useful in demonstrating the dynamic adjustments that should 
be made. Moreover, policy research in the CGIAR System has a 
particularly valuable role to play through its intimate interaction with 
the technology research and the changing comparative advantage that the 
technology research provides. 
In its study of priorities and future strategies, TAC 
recommended a significant increase in policy research in the CGIAR 
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System. Recognizing the contribution that policy research can make to 
solving problems of sustainability, TAC reaffirms this recommendation. 
4.11. Relations with National Agricultural Research Systems 
The recommended emphasis by Centres on research related to 
sustainability has obvious implications for their relationships with 
national agricultural research systems. Centres could be very effective 
in encouraging national agricultural research systems to give greater 
attention and priority to considerations of sustainability, as well as 
in helping to strengthen their capacity to do so. Such emphasis by 
national programmes is especially needed because many problems of 
sustainability are location specific. 
Consequently, the success of research related to sustainability 
will ultimately depend on the commitment and effectiveness of the 
national systems. Centres can assist through backstopping and 
networking. Further assistance in the form of outposting Centre staff 
to problem areas may be essential when strategic research is needed or 
where national programmes lack the capacity to tackle the problems 
themselves. 
TAC recommends that Centres accord high priority to 
strengthening the capacity of national agricultural research systems to 
incorporate a sustainability perspective into their endeavours. 
4.12. Training Programmes 
Centre training programmes provide a vital mechanism for 
helping national agricultural research systems to strengthen their 
capacity to address sustainability issues. To meet these needs, Centres 
must ensure that the sustainability perspective is built into their 
training programmes to the greatest extent possible. Depending on the 
Centre's mandate, this might involve, for example, placing greater 
emphasis on the less favourable environments. As Centres strengthen the 
sustainability perspective in their training programmes, there will be a 
need to harmonise their approaches in the same way that this is being 
done for training in the farming systems approach. 
TAC recommends that CGIAR Centres accord high priority to the 
incorporation of a sustainability perspective in training programmes, 
making adjustments where necessary to meet, more effectively, the needs 
of national agricultural research systems in this respect. 
4.13. The Role of Developing Countries 
In its global perspective of problems related to sustainability, 
TAC reiterates that however strongly the Centres may support national 
systems through research and training, success will ultimately be 
dependent on the commitment of the developing countries themselves. 
Accordingly, TAC urges all members of the CGIAR and associated 
organizations to use their influence to create greater awareness of the 
problems of sustainability among those who determine national policies 
and priorities. 
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4.14. Collaboration within the Svstem and with 
Institutions Outside It - 
In addition to,strengthening the sustainability perspective and 
adjusting the balance of their research programmes, the Centres will 
increasingly be drawn into large-scale problems of sustainability. Some 
of the Centres are already involved, to a greater or lesser extent, in 
problems of this type, such as the need for new techniques of water- 
harvesting and management in rainfed areas ; problems of salinization and 
water-logging in old and new irrigation schemes; aspects of the control 
of sleeping sickness in Africa and its environmental implications; and 
the development of new farming systems involving crops, livestock and 
multi-purpose trees. 
Solutions to problems of this type will involve comprehensive, 
long-term, national programmes of research and development. To 
contribute effectively to such programmes on an international basis may 
well be beyond the expertise of a single Centre, or even beyond the 
collective expertise of the CGIAR System. The need for a strong 
commitment by the Centres to effective collaboration is therefore 
greater now than ever before, not just with national systems, but among 
all the institutions that can make a contribution, whether within the 
CGIAR System or not. 
In separate papers, TAC has recently developed its views on 
sharing responsibilities among Centres and on promoting collaboration 
between CGIAR Centres and other research institutions. TAC is also 
reviewing the relationships between the CGIAR Centres and national 
agricultural research systems. The purpose is to help to clarify, and 
hence to strengthen, the basis of successful working relationships. But 
the boundaries to the involvement of any particular Centre will have to 
be determined by its board and management. As a guiding principle, the 
CGIAR Centres should confine themselves to the researchable issues 
relevant to their mandates and not allow themselves to be drawn into the 
implementation of development programmes. 
TAC recommends that Centres continue to explore the potential 
for collaboration with other research institutions, including those in 
the private sector, particularly with a view to strengthening their 
research related to sustainability. 
4.15. Research Needs and Resource Implications 
While the Centres and the national agricultural research 
systems already make important contributions to the solution of problems 
related to sustainability, the total current effort is unlikely to be 
adequate to meet to the needs with the urgency required. A large 
proportion of current expenditure on productivity research is needed to 
maintain past gains. At the same time, research activities need to be 
expanded in a number of critical areas, including: 
- research to develop improved production systems that lead to 
greater productivity and sustainability; 
- research to improve the productivity and sustainability of 
agriculture in the less favourable environments; 
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- research related to the management of natural resources and 
the prevention of degradation; 
- research to facilitate the restoration of land already 
degraded; 
- the incorporation into current research programmes' of new 
techniques in biotechnology. 
Owing to the diversity of Centre mandates and the different 
needs of developing countries, TAC does not consider it appropriate to 
assign overall priorities either to these broad areas of work or to more 
specific aspects of them. Rather, the Committee considers that each 
Centre Board should establish its own priorities for strengthening the 
Centre's sustainability perspective, its balance of research, and its 
collaborative research with other institutions. 
In view of the serious problems limiting the achievement of 
sustainability and the urgency for additional research to assist in 
their solution, TAC recommends that Centres review the priority accorded 
to sustainability in their budget allocations, and increase it where 
appropriate. 
Indeed, the Centres must add a substantial new dimension, both 
to their own efforts and to their partnerships with national systems, if 
sustainability is to be attained. TAC considers that, because much of 
the required additional work relates to protection of the environment 
and the conservation of natural resources, it may well be possible to 
widen the avenues for donor support for this vital new thrust, compared 
with support for research on productivity per se. TAC will support the -- - 
Centres in attempts to attract funding for well-conceived new projects 
related to sustainability. 
Donors should neither expect nor demand short-term impact, 
however. The work must be regarded as long-term in nature and there 
should be no expectation of quantifiable impact in terms of increased 
production, at least in the short-term. Indeed, as the CGIAR Impact 
Study pointed out, new methods of measuring the value of research 
directed to long-term environmental conservation need to be developed 
and recognized. 
Moreover, as already discussed, many of the circumstances 
limiting the achievement of sustainability do not have technological 
solutions, but are related to government policies. While the CGIAR 
cannot contribute directly to the removal of these constraints, members 
of the Group, who represent a broad cross-section of the international 
community, can bring their influence to bear in numerous ways. They 
can help to persuade governments of the importance and urgency of the 
problems and they can include a sustainability perspective in their 
bilateral and multilateral programmes of support for agricultural 
research and development. 
Finally, TAC suggests that the issue of agricultural 
sustainability has major implications for the further development of 
the Third World and, indeed, for future global security. TAC considers 
that the international donor community, as well as the governments of 
48 
developing countries, have crucial roles to play in emphasizing the 
need to consider sustainability when allocating future resources and 
orientating future thrusts. 
4.16. Conclusions 
TAC has characterized sustainability in terms of the dynamics 
of population growth and resource conservation. The common challenge 
facing all concerned is to find ways of removing the impediments to 
sustainable agricultural production, whether the causes are technical, 
economic, social, institutional, political, or some combination of all. 
A significant part of this challenge rests with the 
International Agricultural Research Centres. Accepting it offers them 
opportunities for making unprecedented contributions to the global 
community, as they help to find solutions to serious problems that 
threaten the future welfare of humanity. 
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ANNEX I 
INFORMATION RELATING TO SUSTAINABILITY PROVIDED BY THE IARCS 
Each of the CGIAR and non-CGIAR Centres were requested in a 
letter dated 19 November 1986 to provide TAC with information on five 
themes relating to sustainability of agricultural production systems. 
Specifically the Centres were asked to: 
1. Characterize the major factors or circumstances which threaten 
the sustainability of production systems within the Centre's 
areas of concern (commodities, agroecological zones, etc.). 
2. Assess the extent to which the Centre is explicitly addressing 
major sustainability issues or concerns. 
3. Suggest what additional research efforts or emphasis may be 
needed within the Centre or in collaboration with other 
institutions to achieve sustainability gaals (CGIAR Centres 
only). 
'4. Suggest how the Centre could contribute to the goals of 
sustainability established by the CGIAR System. Are there 
opportunities for collaborative efforts between the Centre and 
CGIAR institutions? What types of collaborative efforts might 
be envisaged? (non-CGIAR Centres only). 
5. Make general comments or suggestions concerning sustainability 
as TAC plans its future efforts. 
All Centres provided the Committee with responses, except IBPGR 
which indicated that the themes on which information was requested were 
outside its mandate. 
The following analysis is structured using the responses of 
each of the CGIAR Centres in turn, followed by those of the non-CGIAR 
Centres. The replies are highly variable, some focussing closely on the 
questions, others ranging far beyond and offering considerable 
information. The result, however, is a fairly detailed snapshot of what 
Centres are doing to sustain agricultural productivity in general, or of 
their mandated commodities. Except for those Centres which have major 
farming systems research programmes, little comment is offered on the 
maintenance of the environmental (natural resource) base to allow 
continuing agriculture. 
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1. Major factors or circumstances that threaten the sustainability of 
Droduction systems 
CGIAR Centres 
CIAT: - Beans: (a) unstable, often declining production caused by 
multiple stresses from variable pathogens/insect pests in 
traditional production systems; (b) declining soil fertility, 
especially among semi-subsistence farmers; (c) growing 
population pressure undermining viability of traditional 
African extensive production systems; and (d) increased pest 
pressure induced by intensive market-oriented systems, 
especially among small Latin American farmers. 
- Cassava: (a) damage caused by disease and pest attack; and 
(b) chemical and physical degradation of soils, the latter 
being most serious in South-East Asia. 
- Rice: (a) misuse of pesticides/herbicides, leading to 
excessive costs and disruptive predator-prey balance; 
(b) lack of tolerance or resistance in modern varieties to 
prevalent biotic/abiotic stresses; (c) poor understanding of 
long-term sustainability of intensive upland rice culture and 
newly- opened, poorly-drained valley bottoms; (d) incorrect 
agronomic control measures, as well as a seed sector policy 
for controlling red rice; (e) lack of R&D priorities within 
national rice programmes; and (f) lack of integration among 
research, extension, development and private sector efforts 
at national and regional levels. 
- Tropical Pastures: (a) in savannas , possible instability of 
new pasture systems due to use of plants poorly adapted to 
environmental constraints, poor management and limited 
infrastructure; and (b) in humid tropics, forest clearing and 
burning followed by chemical and physical soil degradation, 
leading to a decline in productivity to levels that are 
neither ecologically nor economically justifiable. 
CIMM.YT: A major threat to sustainability is socioeconomic in nature. 
Sustainability of agricultural production will carry a price 
tag and any effort to maintain or enhance the productivity of 
any production system will be done at a cost to the farmer. 
Therefore, the sustainability of any system is compounded by 
poor economic policies such as unstable prices, unavailability 
of inputs and land tenure systems. The economic environment 
will undoubtedly determine the priority put on the protection 
of natural resources. The major agronomic threats to 
sustainability are: 1) decreasing soil fertility (macro and 
micronutrients); 2) erosion; 3) decreases in soil organic 
matter; 4) disease and insect buildups; and 5) water 
availability (the latter is exacerbated by growing urbanization 
which has first priority to water). 
In the developing world, the trend is towards more crop 
specialization and cropping intensification. This will 
increase the awareness of production sustainability. 
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Subsistence agriculture and underdevelopment in general are 
impediments to attaining sustainability. National programmes 
must increase their awareness of the problems and initiate 
steps to enhance sustainability. The international Centres 
have a multi-faceted role to play in resolving the problems. 
This includes germplasm improvement, training and crop 
management research, as well as to accord due consideration of 
socioeconomic factors and policy matters. 
CIP: The major factors which threaten sustainability are erosion of 
genetic resources, buildup of chemicals (pesticides) in the 
environment and buildup of disease organisms, insect pests, and 
soil-borne pests, such as nematodes. 
ICARDA: The sustainability of production in the dry Mediterranean and 
adjacent West Asian region is threatened by the following 
major factors: 
- Poor soil fertility, which results from continuous cropping 
with an inadequate input of nutrients. Both nitrogen and 
phosphorus are generally deficient, and will become further 
depleted if adequate precautions are not taken. 
- Highly variable amounts and distribution of rainfall tend to 
cause instability in yield. Because of the unpredictability 
of the harvest, farmers are reluctant to use inputs. This 
leads to exploitive agriculture with reduced sustainability. 
- Wind and water erosion threaten sustainability of production 
as the fine nutrient-rich topsoil is depleted. Erosion is 
promoted by the inadequate plant cover on the soil surface 
and unimproved soil tillage systems; keeping lands fallow 
adds to this problem. 
- Use of supplemental or total irrigation using poor-quality 
irrigation water without consideration for adequate drainage 
and leaching requirements has led to salinization and 
sodification of large areas in drier parts of the ICARDA 
region. 
- Increasing pressure of livestock on rangeland and steppes 
hinders the regeneration of natural vegetation, reduces 
productivity and increases erosion, provokes climatic shifts, 
and leads to the desertification evident in many parts of the 
Magreb as well as in West Asia. 
- Continuous cereal cropping in areas receiving less than 
300 mm rainfall has not only depleted soil fertility but has 
also led to increased buildup of diseases (soil-borne 
diseases in particular), insects and nematodes, so that 
increased inputs of fertilizer are unable to restore 
sustainable yields. 
- Cereals have been given far more attention than food and 
forage legumes and, in areas where moisture is assured, 
immediate economic returns often encourage farmers to grow 
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cereals continuously with a high input of fertilizer. The 
areas devoted to leguminous crops, particularly lentils, have 
been reduced in Algeria, Jordan, and Syria. More productive 
genotypes amenable to mechanical harvesting are needed. 
Similarly, because of lack of adequate resistance to diseases 
and pests in faba bean and chickpea genotypes, farmers are 
reluctant to take risks and are avoiding these traditional 
break crops* 
- Lack of diversity in the cultivars and land races available 
to farmers has led to increased susceptibility to various 
diseases and causes great instability in production. 
- Reduction in soil micro-organic activity. There is very 
little data on this subject, but it is known that organic 
matter levels in the soil are very low. 
ICRISAT: In the semi-arid tropics major factors affecting sustainability 
are: 
- nutrient exhaustion under improved cropping systems; 
- soil erosion; 
- deterioration of water resources; 
- erosion of genetic resources; 
- accumulation of harmful levels of organic/inorganic 
substances in the environment; 
- major changes in soil pH; 
- climate changes; 
- desertification; 
- build-up of diseases, pests, weeds, nematodes; 
- reduction in numbers and quality of trees and shrubs; 
- problems of marketing and trade barriers; and 
- changes in cropping systems. 
IFPRI: Both demand and supply factors should be addressed in research 
on agricultural sustainability. The major factors are: 
- demographic forces; 
- choices among crops and technologies; 
- factors influencing production variability; 
- infrastructural influences on production; 
- institutional viability; 
- prices and subsidies; and 
- potential benefits of structural adjustments. 
IITA: With respect to sub-Saharan west and central Africa, the main 
problems affecting sustainability stem from: 
- Population growth and urban expansion lead to intensive and 
inappropriate land use, thus causing soil degradation and a 
decrease in crop yields. 
- Rural depopulation or low rural population densities result 
in lack of labour for bush clearance, weeding, etc. and 
therefore further reduce fallow periods. 
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- Economic climate: Farmers' demands for improved technology 
and large quantities of inputs are limited, because they 
cannot afford costly agricultural technologies and inputs. 
Unfavourable economic policies have significantly limited 
increases in agricultural productivity. While governments 
may be changing their agricultural policies, it is unlikely 
that the economic climate will change sufficiently to enable 
farmers to use large quantities of purchased inputs. Without 
them, the sustainability of agricultural production could 
decline further. 
- Soil degradation: A number of physical factors combined with 
overpopulation cause soil degradation. These include soil 
erosion, soil compaction and ultra-desiccation. Conditions 
are exacerbated by the adoption of damaging methods of land 
clearance. 
- Crop pests: Weeds, plant diseases, and vertebrate and 
invertebrate pests. 
ILCA: All sub-Saharan Africa is subject to some degree of loss of the 
sustainability of its agricultural systems. More endangered 
are the mixed farming systems in the semi-arid areas and all 
farming systems in highland areas (except those growing 
permanent tree crops, e.g. coffee). Two major factors are 
responsible: water and wind erosion and deterioration of soil 
structure. Rapid population growth and damaging agricultural 
and herding practices also contribute to sustainability loss. 
Amelioration of these factors alone would not guarantee that 
current and future land use would be sustainable, however. 
- Overgrazing may be taking place in the above mentioned 
regions, but ILCA doubts whether desertification is as 
widespread or as predominantly caused by overgrazing as is 
sometimes claimed. It believes that more rigorous definition 
and measurement of desertification is needed. 
- Drought is not linked to any damaging human activity taking 
place within sub-Saharan Africa. ILCA does not consider 
itself competent to pass judgement on the alleged "green 
house" effect caused by human activities elsewhere. 
- The present increase in land use intensity of the humid and 
sub-humid zones indicates that there is a current and future 
need to maintain the plant-nutrient status of the soil, 
especially adequate levels of nitrogen and phosphorus. 
ILRAD: Livestock disease is a major threat to the sustainability of 
agricultural productivity because it inhibits optimal livestock 
use in areas of high potential for expansion and for increased 
livestock use for general agricultural and food production 
purposes. 
Other factors also threaten the sustainability of production 
systems: animal nutrition factors, low genetic potential of 
many livestock local breeds, and poor management practices. 
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IRRI: For IRRI, the issue is the sustainability of the agro-ecosystem 
in which rice is an important component. Rice (production) 
sustainability will depend on the management and inherent 
stability and sustainability of the larger system. In 
addressing rice sustainability, IRRI will, therefore, take a 
more aggregate and holistic posture in its research than 
previously. 
Sustainability in itself is not a research issue. Rather, it 
is one of the parameters which must be used (along with others, 
such as yield levels, profitability, stability, equity, etc.) 
when evaluating the desirability of alternative rice 
technologies and rice and land use policies. Stability and 
sustainability issues have not been given sufficient weight in 
the past. In this perspective, the following factors are 
identified. 
- Loss of soil fertility with intensified cropping due to 
nutrient exhaustion, accumulation of harmful levels of 
blocides, deterioration of soil structure, major changes in 
soil pH, and irrigation-induced accumulation of salts. 
- Soil erosion in upland ecosystems; deterioration of upland 
watershed causing loss of water regulation in riverfed 
(diversion) irrigation systems; siltation of irrigation 
reservoirs and decline in performance of irrigation systems 
and structures; downstream impacts (e.g. pollutants, stagnant 
water) of irrigation systems. 
- Prophylactic application of pesticides have led to insecticide- 
induced problems, viz. resistance and resurging populations of 
pests; environmental and human and animal safety issues; and 
farmers' reluctance to adopt integrated pest control. 
- Large areas grown to one or similar cultivars increases 
regional/national instability and reduces sustainability over 
time. 
- Low and volatile rice prices are damping the public and private 
investments necessary to sustain increases in rice supply. 
- Poverty forces poor households to live in the most fragile 
environments, without the resources to invest in environmental 
maintenance. 
ISNAR: Sustainability issues are generally beyond ISNAR's role and 
mandate, although individual ISNAR staff may have expertise and 
views on the subject. 
WARDA: Rice is grown in four different environments in West Africa: 
upland, irrigated, deepwater and floating, swamp. Factors such 
as soil acidity, diseases and pests, and lack of labour supply 
have negative sustainability implications in all environments. 
Others, as listed below, have more limited expression: 
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Soil fertility: The upland cultivators grow rice under the 
shifting cultivation system. Due to rapid population growth, 
fallow periods have been greatly shortened reducing the 
regeneration of soil fertility. The result is decreased rice 
yields. Cultivation of swamp, irrigated, deep and floating 
rice is seasonal and has the same problems of diminishing 
soil fertility and decreasing crop yields. These crops stand 
a better chance of good yields with the use of chemical 
fertilizers and Azolla. 
- Soil erosion is an environmental problem only in upland areas 
and is caused by the slash-and-burn method of land 
preparation, torrential rains, and the high gradient of some 
of the slopes. 
- The risk of drought increases as one moves away from the 
coastal areas towards the Sahel belt, particularly in upland 
and irrigated environments. 
- Cold season: A sharp drop in temperature of the Sahel belt 
takes place from November to February (harmattan season). 
- Mixed cropping hinders the adoption of modern technology in 
upland regions. 
- Iron toxicity and salinity can be major problems in mangrove 
swamps. 
- Very high costs limit private land development in mangrove 
swamps. Rice cultivation, therefore, remains limited. 
- High overhead costs and management limit the number of 
irrigation schemes. 
Non-CGIAR Centres 
AVRDC: The major constraints to long-term profitable and expanding 
vegetable production in the humid tropics are due to the 
following conditions which are either costly or difficult to 
correct: 
- Climatic (high temperature, photoperiod, typhoons); 
- Edaphic (pH, micro-nutrient deficiency or toxicity, excess 
water or drought, aeration); 
- Genetic (genetic erosion, lack of tolerance or resistance to 
various climatic or pathogenic situations); 
- Pests (viruses, soil-borne bacteria and fungi, nematodes, . 
resistance to pesticides); 
- Socio-economic (outmigration to cities, fewer and older 
farmers; inadequate extension, research, and marketing 
infrastructure; unfavourable farm policies). 
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IBSRAM: The following factors threaten the sustainability of agri- 
cultural productivity in the tropics: 
- Environmental and Agro-Environmental Factors: Soil 
degradation is the key factor affecting the sustainability of 
productivity in the tropics. Conditions of soil fertility 
depletion, acidification, salinization, laterization, 
deterioration of its structure, soil erosion, and depletion 
of its biological activities all lead to soil degradation. 
- Other environmental factors contributing to sustainability 
are interrelated with agro-environmental factors that cannot 
improve unless there is full knowledge of: the soil mantle; 
the climate (normal and exceptional years); landform, because 
it governs all problems linked to erosion; management of 
recommended technologies. It is important to adapt 
practices, because what is sustainable under one cropping 
system may be completely unsustainable under another. 
- Socio-Economic Factors: The search for sustainability must 
include inputs of different social science disciplines. The 
transfer of technology must be profitable, acceptable to 
farmers, and conform with national objectives, otherwise it 
may fail and lead to land degradation. 
ICIPE: The Centre's response relates to agricultural production 
systems designed for resource-poor small-scale farmers in 
Africa. Threats to sustainability include crop and livestock 
pests and the inability of farmers to acquire or use 
technologically-oriented methods of pest control. 
ICRAF: Factors threatening the sustainability of farming systems in 
tropical and sub-tropical areas include: 
- Maintenance of soil fertility: such factors as wind and 
water erosion, physical, chemical and biological soil 
erosion, increasing salinity and toxicity all lower land 
fertility and exhaust its available resources. Other 
complementary factors that hinder the proper maintenance of 
soil fertility are: reduced periods of fallow, unavailabi- 
lity of fertilizer and extension of cultivation on fragile 
lands. 
- As fuelwood and fodder shortages increase, vegetation cover 
and quality decrease. 
- Population pressure affects the sustainability of the agro- 
forestry system in two ways: the physical sense (described 
above); and the socioeconomic sense. 
IFDC: Response directed to the tropics and sub-tropics of the 
developing world. 
- The factors or circumstances threatening sustainability from 
a fertility standpoint vary enormously, but can be broadly 
classified into the general areas of: chemical/biological 
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IIMI: 
interactions influencing fertilizer efficiency, crop 
response, and soil conservation; socioeconomic factors 
influencing availability and/or adoption of appropriate 
technologies at the farm level; and infrastructure and policy 
factors influencing accessibility of appropriate technologies 
at a national level. 
- Depletion and/or building of soil fertility is of primary 
concern to IFDC. The causes of soil fertility loss are 
manifold and site-specific but generally have their root in 
over-cultivation or over-grazing, leading to reduced inputs 
of organic matter and biological nitrogen fixation and/or 
loss of top soil due to erosion. These processes may in turn 
lead to soil acidification, loss of soil structure and water 
holding capacity, all affecting soil productivity in the long 
term. The intensity of these problems depends on the 
fragility of the ecosystem. 
Environmental (poorly planned/managed surface irrigation 
systems); physical (maintenance/rehabilitation of canal 
networks); and management factors threaten the sustainability 
of agricultural production systems. 
In surface systems, poorly planned or managed systems result in 
waterlogging; in arid regions they result in salinization, zinc 
deficiency and other symptoms of decreased productivity, and in 
resource-poor areas to depletion of water tables. Rapid 
physical deterioration of irrigation systems due to a lack of 
caring or upkeep of physical structures accelerates the above 
conditions and threatens the sustainability of the systems and 
the livelihood of those who depend on it. Appropriate 
irrigation management can alleviate physical and environmental 
deterioration by facilitating rather than obstructing shifts in 
crops or varieties which occur in response to new technologies 
or markets elsewhere in the agricultural system. 
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2. The manner in which each Centre is addressing major sustainability 
issues or concerns 
CGIAR Centres 
CIAT: - Beans: (a) deployment of range of germplasm with multiple 
disease resistances, utilizing different combinations of 
distinct genetic sources; in Africa use of varietal mixtures 
to increase buffering against multiple disease stresses; 
(b) selection of germplasm for tolerance to pests and 
development of integrated pest control strategies to minimize 
pesticide applications; (c) selection of germplasm and 
rhizobia strains to maximize symbiotic BNI?, to improve 
efficiency of phosphorus uptake and tolerance to acid and 
high aluminum soils; (d) in Africa on-farm research focussed 
to identify: the most efficient intercropping systems with 
beans; bean germplasm for specific adaptation to 
intercropping; low-input strategies to maximize returns to 
scarce capital; and erosion-control barriers for support of 
climbing beans. 
- Cassava: (a) adaptation of methodologies and technologies 
developed to control soil erosion in upland conditions; 
(b) host-plant resistance; and (c) biological and 
phytosanitary control measures for pests and diseases. 
- Rice: (a) development of integrated pest management to 
reduce insecticide use; (b) expansion and decentralization of 
breeding and screening activities; "hot spot" screening to 
breed for increased stress tolerance; (c) modification of 
agronomic practices within the concept of integrated crop 
management, including alternative practices for controlling 
red rice; and (d) active promotion of inter-institutional 
cooperation through an integrated approach to formulating 
national R&D plans. 
- Pastures: (a) develop low-input, resistant grass-legume 
pasture options to increase beef and milk production on the 
poor, acid soils of the marginal and frontier lands; and 
(b) collect, screen, select and evaluate forage grasses and 
legumes in order to develop new pasture options that will 
permit reclamation of degraded lands in humid ecosystems with 
improved, highly productive, high-cover, stable pastures. 
CIMMYT: As CIMMYT is a production-oriented Centre, sustainability is 
not a new issue. CIMMYT has concentrated on developing 
technologies, both in Mexico and elsewhere, which are likely to 
be applicable to a broad range of countries. 
- Grassy weed control through the use of both chemical and 
cultural means was developed in Mexico during the 1970s and 
was applied in the Indian sub-continent where similar 
problems exist. 
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- Sustainability was a major issue in the development of the 
medic-wheat system in North Africa, a system which is now 
being introduced in Chile. 
- The results of long-term trials in Mexico to investigate the 
problem of declining organic matter content under intensive 
cropping systems should have wide applicability elsewhere. 
- A rice-wheat rotation in South and Southeast Asia is one 
focus. An associated network focussing on agronomic research 
is being developed while related strategic research will be 
undertaken in Mexico. 
- Special attention to sustainability is being given to the 
cooperative research with Argentina on soybean-wheat 
rotation. Previous research has concentrated on fertilizer 
use and greater water use efficiency. 
- Minimum tillage, a component of the maize training programme 
in tropical environments for several years, will be 
incorporated in wheat production training for rainfed, 
highland areas starting in 1988. 
- Interaction between breeders, pathologists, agronomists, and 
economists is stressed by the team approach which CIMMYT 
considers critical to resolving issues of sustainability. As 
part of research planning activities, bilateral and regional 
maize and wheat, staff consult regularly with the scientific 
staff and policy makers of national systems about sustainable 
systems. 
CIP: - Germplasm collection, maintenance evaluation and distribution 
is the hub of UP's activities. Materials are maintained and 
evaluated in the field and are being transferred to in vitro -- 
conditions. In vitro maintenance protects against environ- -- 
mental hazards, facilitates maintenance of virus-free 
materials, and facilitates maintenance and distribution of 
duplicate virus-free collections. 
- CIP generally attempts effective integrated pest control 
strategies through: genetic resistance to pests and 
diseases; use of wide genetic diversity to assure stability 
of performance while increasing gene frequencies for yield, 
environmental stress tolerance, etc.; concentration of stable 
horizontal or field resistance rather than on vertical 'R' 
gene resistance for late blight resistance; and utilization 
of repellent weeds and pheromone traps with moderate use of 
chemicals for control of storage pests. 
ICARDA: - Detailed studies are being carried out on how methods, rate 
and phase of application of phosphorus affect the productivi- 
ty of whole cropping systems, on the role of VA-Mycorrhiza in. 
improving the availability of soil phosphorus, and on methods 
for improving the availability of rock phosphate. 
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- Detailed studies are underway to characterize the environment 
in the region and to assess the frequency of occurence of 
climatic events that'affect crop productivity. 
- Research on cropping systems and crop genotypes that could 
result in improved water-use-efficiency receive a very high 
priority at the Centre. Systems are being developed to 
reduce evaporation and convert a major proportion of 
evapotranspiration into transpiration. 
- ICARDA is advocating the replacement of fallow by suitable 
food and/or forage legumes which will not only increase 
productivity, but also reduce erosion and help ensure 
sustainability. 
- Research in food and forage legumes is given very high 
priority. Efforts to improve yield and yield stability of 
food legumes have been very successful. Winter-sowing of 
cold tolerant and ascochyta blight resistant chickpea, 
instead of the traditional spring-sowing, has been shown to 
increase yields by 50% to 100%. The system also ensures 
matching crop phenology with the environmental conditions, 
increases water-use efficiency and permits the introduction 
of chickpeas in drier areas where the sustainability of 
production, plagued by mono-cropping cereals, could be 
improved. 
- High priority is also given to research on biological 
nitrogen fixation, with the aim of reducing dependence on 
fertilizer nitrogen. 
- Research is ongoing on improving the economics of food and 
forage legumes in order to make them competitive with 
cereals. In addition, breeding programmes stress pest and 
disease resistance, stress tolerance and changes in plant 
architecture. 
- Emphasis is laid on host-resistance rather than on the use of 
pesticides. 
- The improvement of marginal lands through the application of 
fertilizers, as well as by rotational and controlled grazing, 
is being investigated with a view to supporting a greater 
production of livestock in the future. Tillage and residue 
management are studied to determine how such practices can be 
improved to conserve soil and moisture. 
- The Genetic Resources programme is ensuring that the genetic 
variability in the cultivated species and wild progenitors of 
durum and bread wheat, barley, lentil, faba bean, kabuli 
chickpea, and forage species available in the region is being 
systematically collected, characterized, evaluated, 
documented and stored. 
- Training and networking with the national programmes to 
improve their research capacities are given high priority. 
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ICRISAT: - Long-term experiments are underway to determine fertilization 
strategies (especially P and K) for alfisols. 
- Research into the effects of a wide range of soil and water 
conservation management technologies on crop yields is under 
way. In addition, the effect of windbreaks on growth and 
yield of some sub-Saharan SAT crops is being established. 
- Groundwater natural and artificial recharge and conservation 
methods of surface and groundwater resources are being 
evaluated. 
- Areas of threatened germplasm have been identified where 
collection is needed for sorghum, pearl millet, cultivated 
pigeonpea, chickpea, and wild and cultivated groundnut on a 
priority basis. 
- Atmospheric pollutants and their implications for land growth 
are being assessed at ICRISAT Centre. 
- Characterization of the moisture environment of the SAT, 
collection and analysis of climatic data and characterization 
of drought frequency and probabilities for West Africa are 
all under way. 
- Alternate agricultural land use systems are being evaluated 
for the SAT. 
- Pest problems are regularly monitored and various strategies 
are employed to limit the buildup of pests, monitor 
population fluctuations and monitor biocide buildup. 
- Consequences of land fragmentation have been studied and the 
implications of the findings are now being assessed. 
- Management of common property resources is under study. 
- Various other questions such as adoption rates of new 
varieties, and farmers' use of fertilizer are being studied. 
- Various studies have also been undertaken on the extent to 
which technical change can be sustained with existing levels 
of consumer demand. 
IFPRI: By the nature of its mandate, most of IFPRI's work bears, 
directly and indirectly, on the goal of achieving sustainability. 
All the elements of its interdisciplinary research programmes are 
interlinked. 
- Food Data Evaluation Programme: IFPRI is currently engaged 
in analyzing trends in food consumption and its components 
(including income growth); monitoring the continuing/ 
changing pressure of demand on production of food and feed; 
providing supplemental analysis of trends in food imports and 
exports. 
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- Development, Diffusion and Sustainability of Production 
Technology includes research into the adoption of modern 
farming practices for their contribution to sustainable 
farming systems; sustainability of technology and production 
systems, particularly in the area of foodgrain production in 
India, but also in a wider 38-country study; studies of 
factors affecting input use especially in the area of 
fertilizers and irrigation. 
- Food Policy: In the examination of global food policies, 
IFPRI includes studies on cash crops versus food crops for 
domestic consumption; demand and supply factors influencing 
substitution of traditional crops (sorghum and millet) by 
wheat and rice in West Africa; the effects of switching from 
semi-subsistence to commercial agriculture; and the social 
and economic consequences of clearing tropical rain forest in 
Brazil for agricultural settlement. 
- Development Strategy involves the dynamic interaction between 
agricultural and non-agricultural sectors. It is here that 
IFPRI considers policy analysis can contribute most 
significantly to sustainability. Studies of growth linkages, 
infrastructural development and the problems of populations 
in areas of low potential are all important aspects of 
research in support of development strategy options. 
IITA: Sustainability issues are addressed broadly. Some of its 
programmes address the issues more specifically: 
- Resource and Crop Management Programme is currently working 
to develop alternative techniques to slash and burn that are 
economically and ecologically viable ways of increasing and 
sustaining production by progressive family farmers, while 
conserving the natural resource base. Soil productivity is 
the principal resource of concern in most of the humid and 
sub-humid tropics of Africa. Adequate soil management 
technologies, such as mulch farming, alley cropping, etc., 
have been developed for the non-acid soils of moist savanna 
and transition areas. In the future, and with some 
modification, these technologies could be used also in the 
humid forest. Although soil is the major limiting factor, 
the sustainability of other important productive resources 
(water, labour and other energy sources, crop planting 
material and fallow vegetation, and material inputs, 
particularly as they are managed to produce increased output) 
is being addressed. 
- Commodity Improvement Research Programmes are structured to 
investigate the importance of disease and pests and then 
develop special methodologies for each disease in order to 
evaluate germplasm for effective resistance. Cultivars are 
acquired or developed, tested against individual diseases or 
pests, and integrated with breeding efforts in order to 
produce higher-yielding varieties that produce stable yields 
under varying levels of disease and pest pressures. 
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Maize Research Programme: a remarkable achievement was 
the research which produced varieties resistant to maize 
streak virus. Other current resistance research relates 
to the parasitic weed Striga, stem borers, Sesamia and 
Eldana downy mildew, and mid-altitude rust and blight 
diseases. 
Grain Legume Improvement Programme - cowpea and soybean: 
cowpea lines have been developed which combine resistance 
to major diseases (some of the new varieties are resistant 
to 8 diseases) with resistance to aphids and bruchids 
insect pests. Soybean lines have been developed which 
combine seed longevity with promiscuous nodulation for N 
fixation and resistance to Cercospora disease. 
Root and Tuber Improvement Programme: PITA has 
successfully developed cassava varieties with good 
consumer acceptance that are resistant to bacterial blight 
and mosaic virus disease. A parasite of the cassava 
mealybug has been introduced and successfully established 
on the continent. Current studies are directed towards 
breeding cassava resistant to the green spider mite and 
mealybug and for improved food quality characteristics. 
In addition, high-yielding sweet potato varieties 
resistant to the virus complex and root-knot nematode and 
moderately resistant to weevils have been produced and 
distributed to 36 African countries and 62 worldwide. 
Rice Research Programme: Over twenty elite varieties 
resistant and/or tolerant to the major biological and 
physical constraints found in the varied Afrscan rice 
ecologies have been developed. From this group of high- 
yielding materials, varieties have been selected which are 
now being grown in a number of countries in Central and 
West Africa. 
ILCA: Techniques are being elaborated for measuring changes in 
vegetation over time (e.g. simple assessment on the ground 
cover and composition, satellite imagery, interpretation of 
aerial photographs, and other techniques). 
- Work on range management issues includes: identifying 
cyclical changes in vegetation patterns (their causes, rates 
of post-drought recovery); devising manageable techniques for 
sustainable resource use; identifying indigenous livestock 
breeds (working on trypanotolerant breeds); identifying 
indigenous forage legume species to be used for feed; and 
work on animal traction to develop low-cost, locally made 
implements for soil and moisture conservation in highland 
zones. 
- The integration of livestock into farming systems in 
Sudano-Sahel zones, focussing on issues of stability and 
sustainability and crop/livestock interactions are also being 
studied. 
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ILRAD: ILRAD is explicitly working on developing an inexpensive and 
easy to apply control measure (vaccine) to prevent 
trypanosomiasis and theileriosis infections. In addition: 
- A group of three scientists is addressing the potential 
economic, social and environmental impact of introducing 
improved control measures for theileriosis and 
trypanosomiasis. 
- ILRAD has a training programme to allow the staff of African 
national centres to make the most effective use of the 
current control measures available for both trypanosomiasis 
and theileriosis (i.e. diagnosis, chemotherapy, vector 
control). 
IRRI: Sustainability issues are specifically addressed through: 
- Devoting major efforts toward breeding for rice varieties 
that are resistant to major pests of rice. 
- Examining damage thresholds which are being determined. 
Refined, fast and efficient sampling methods are being 
developed. 
- Developing strategies and tactics which can be incorporated 
into integrated pest management (IPM) programmes tailored to 
fit the needs of national programmes. The establishment of 
an IPM network should greatly facilitate exchange of information 
among national programmes. Farmers should have the opportunity 
of using the "best mix" of control technologies in terms of 
profit and safety. 
- Research on wetland preparation methods that require smaller 
inputs (e.g. of water and mechanical energy) so that limited 
farm resources may sustain higher production. 
- Studies of the interactions of soil pH (and their dynamic 
changes in field situations) on the availability of crop 
nutrients. 
- Developing strategies for integrated nutrient management, 
including green manures, residue management, and crop 
consequences, to complement inorganic fertilizer sources. 
- Improving land resource management including erosion 
management of uplands, improved fallows, zero tillage and 
other technologies. 
- A specific and major incorporation of sustainability and 
stability issues in IRRI's research concerns is IRRI's 
proposed programme area 300. 
It is recognized that methodological developments will be 
necessary to operationalize these concerns, particularly in 
environmental impact analysis, and when IRRI starts to carry 
out research in more marginal rice environments. 
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ISNAR: - In the Advisory Services Programme, ISNAR is asked by NARS to 
conduct reviews of their research systems or parts thereof. 
ISNAR teams assess the adequacy of research policy, 
organization and structure, and management in relation to 
stated and/or implied national programme objectives and 
needs. In most countries, sustainability and broad concerns 
for the environment are listed as a national programme 
objective, although usually low down in the hierarchy of 
values. In any case, whether stated or not, ISNAR review 
missions are known to highlight environment issues in their 
mission reports whenever the panel feels it appropriate to do 
so. 
- Research: In crops research, yield gains and crop protection 
are usually given high priority by national programmes. Soil 
and water conservation and/or factor-oriented research are 
usually not as well developed. Organizing research along 
commodity, discipline, systems or regional lines has 
tradeoffs. A national system may be organized along any of 
these themes for reasons of history, size, resources and 
ecological diversity. 
- Training is contingent on the development and/or refinement 
of tools, concepts and methodologies specifically designed 
for organizing and managing sustainability-oriented research. 
In the ISNAR sequence, this usually comes after a sufficient 
base of information and experience has been accumulated. 
' WARDA The principal effort is on the development of rice varieties 
with tolerance to physical factors and improved resistance to 
biological factors in the four West African rice environments. 
- WARDA is not doing anything specific to improve the process 
of regenerating soil fertility under natural conditions. It 
recommends the use of chemical fertilizers and Azolla (but 
not on upland soils, except for low fertilizer rates only 
where feasible and economical). For mangrove swamps, WARDA 
modified the nozzle of knapsack equipment, enabling liquid 
urea to be injected into the soil. 
- Partial solutions to soil erosion are being attempted by 
experimentally modifying some cropping systems on upland 
soils. The zero-tillage method was tried, but WARDA does not 
recommend its adoption in the region. 
- WARDA completed a study of soil acidity in Gate d'Ivoire 
which demonstrated that it is a problem even in upland 
environments. 
- Methods of iron toxicity and'salinity control by using 
chemicals and proper drainage, both of which will entail 
higher costs to the farmer, may be considered in the future. 
The research emphasis is now on developing tolerant 
varieties. 
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AVRDC: 
- WARDA pursues mixed-cropping research in order to identify 
the best mix for crops, using modern technologies (WARDA uses 
mechanization for land preparation operations but nothing 
beyond that). 
- WARDA is introducing mechanization for land preparation to 
try to overcome the reduced labour supply and better prepare 
the land. 
- WARDA is currently conducting a study of irrigation schemes 
with a view to addressing maintenance and management 
problems, as well as the issues of social and economic 
profitability of growing irrigated rice. 
Non-CGIAR Centres 
The AVRDC multi-disciplinary research programmes are deeply 
committed to alleviating the constraints to profitable 
vegetable production in the humid tropics for the immediate and 
sustainable future. This Centre is concerned with input 
reduction to increase the income of small farmers and means of 
improving the nutrition of people living in the tropics. These 
improvements must be made at least cost to the environment and 
with the least labour, time, space, capital energy, water and 
chemical requirements in order to ensure a long-range 
availability of vegetables which are people's quickest and 
richest source of minerals, vitamins, leaf proteins and edible 
fibers. 
The AVRDC has developed numerous genetic materials for national 
programmes which allow additional vegetables to be grown in the 
tropics that were formerly difficult or impossible to grow 
profitably. Crop protection accomplishments include breeding 
for resistance, biological control methods, integrated 
management systems and development of disease-free propagating 
materials through tissue culture. Cultural systems have been 
developed to minimize damage from flood, drought, wind and high 
temperature. Programmed, high-nutrition gardens have been 
developed to provide a year-round supplement to the high starch 
diets of the tropics. AVRDC production training programmes 
stress market-oriented decision making, because profitability 
is the foundation of a sustained agriculture. 
IBSRAM: All IBSRAM activities revolve around sustainability. Its 
general goal is to promote sustainable improved soil management 
technologies in order to remove soil constraints to food and 
other agricultural productions in developing countries. 
- IBSRAM addresses sustainability issues through long-to-medium 
term core experiments to monitor soil properties and crop 
yields. These experiments made through a common methodology 
will be conducted in IBSRAM's three networks, namely: 
Tropical Land Clearing for Sustainable Agriculture, 
Management of Acid Tropical Soils, and Management of 
Vertisols. 
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ICIPE: Overall efforts are directed to developing integrated pest 
management strategies to reduce losses caused by insect pests. 
With reference to crop pests, the major strategies being 
developed include: (a) utilization of plant resistance to 
insect pests; (b) appropriate combination of host/non-host 
crops in intercropping systems for reducing pest attack; and 
(c) formulation and application of the pest pathogens for 
biological control. 
ICRAF: ICRAF explicitly addresses sustainability issues through: 
' - Work on soil fertility. ICRAF recently completed reviews 
entitled "Potential of Agroforestry for Soil Conservation" 
and "The Use of Agroforestry Practices in Erosion Control". 
ICRAF is currently preparing a handbook entitled "Methods of 
Soil Conservation in Semi-Arid Areas" and a review entitled 
"Shelterbelts and Windbreaks" (with particular reference to 
their potential multi-purpose roles within agroforestry 
systems). 
- Development of a theory on population growth and its 
relationship with agroforestry. In a paper entitled 
"Recommendation Domains" ICRAF attempts to‘characterize the 
different roles of agroforestry and its links with the 
population intensification sequence. ICRAF considers that 
agroforestry systems are attractive to farmers, because they 
can achieve higher land use intensity and higher labour 
efficiency. They also provide a means of stabilizing and 
diversifying production. The Diagnostic and Design (D&D) 
methodology uses, as its main assessment criteria, productivity, 
sustainability, and adaptability. 
IFDC: Fertilizers, if utilized properly, are looked upon by IFDC as a 
means of restoring and maintaining soil fertility. Proper use 
implies the integration of fertilizers into crop and soil 
management systems that will conserve and build soil fertility 
while avoiding adverse effects such as soil acidification, 
nutrient imbalance, and salinization. 
- IFDC, in collaboration with IRRI, ICRISAT, CIAT and numerous 
national programmes, is currently conducting fertilizer 
research with a view to improving productivity and 
sustainability. (Similar programmes were in place with IITA 
and ICARDA in the past.) IFDC has generally provided the 
fertilizer technology and management know-how in these 
collaborative efforts. Specific sustainability issues that 
are addressed include: the long-term effect of fertilizer 
applications on yield and their residual effects on soil 
properties, especially through utilization of locally 
available phosphate resources; the long-term effect of 
applied N on soil acidity; and the effect of long-term use of 
major nutrients (NPK) on the soil nutrient balance. 
IIMI: IIMI's research programme comprises three main areas: system 
management; rehabilitation and improvement for management; and 
farmer-managed irrigation systems. Systems management research 
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develops solutions to problems of poor performance including 
low operating efficiencies (less than 30% is common), rapid 
deterioration of physical structures, inequitable access to 
resources and resource mobilization. Rehabilitation and 
improvement for management research develops ways of improving 
the processes of rehabilitation in projects undertaken and ways 
of adjusting planning and design criteria to improve manageability 
after construction is completed. Research in farmer-managed 
irrigation systems develops new ways of assisting farmers to 
better manage their irrigation systems and, given the current 
tendency for government disengagement, develops assessment 
techniques by which managers and planners can reach more informed 
conclusions about intervention options in this sector. 
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3. Additional research efforts or emphasis which may be needed within 
CGIAR Centres, or in collaboration with other institutions to 
achieve sustainability goals 
CIAT: - Cassava: Development of technology for using mycorrhiza to 
assist in fertility maintenance. 
- Rice: (a) understanding biotic/abiotic stresses (particularly 
soils) limiting/potentially limiting rice production; 
(b) definition and development of characteristics of rice 
that determine adaptation to upland and irrigated land, as 
well as permit the integration of new cultivars into diverse 
cropping systems; (c) assistance in identifying and 
implementin appropriate mechanization strategies for diverse 
rice systems. 
- Tropical Pastures: (a) recycling of nutrients under new 
pasture options in both the savannas and humid tropics; 
(b) pasture and tree components of potential agro-silvo- 
pastoral systems in the humid forest ecosystem; and 
(c) development of technology for using mycorrhiza to assist 
in fertility maintenance. 
CIMMYT: Sustainability is among the themes to be considered in 
developing CIMMYT's new long-range plan. CIMMYT considers the 
extent to which it must augment its own capacity to deal with 
the issue - e.g. through shifting resources towards soil 
chemistry, soil physics, and micro-biology - and to what extent 
CIMMYT should fortify its connections with other institutions 
having that capacity. 
- CIMMYT would benefit from a more precise understanding of the 
magnitude of the sustainability problem and the availability 
of non-CGIAR resources for its treatment. Aspects of the 
problem which warrant greater illucidation include the 
framework for analysis and the likely costs associated with 
rehabilitation. 
- CIMMYT would want to ensure that national research system 
colleagues are sensitized of the urgency of the problem and 
of its central parameters. 
CIP: CIP does not identify any additional efforts needed to achieve 
sustainability goals. 
ICARDA: ICARDA considers that increased emphasis should be given to: 
- Developing cultivars with durable resistance to several pests 
and diseases, and to abiotic stresses, in order to realize 
high yields and yield stability. Haploidy and another 
culture technique will be used to capture the resistance to - 
abiotic stresses that is available in wild progenitors. 
- Food legumes as important elements in maintaining the 
productivity of the rainfed farming systems in the dry areas. 
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- Futher strengthening work on soil and water conservation to 
reduce erosion, to increase water harvesting, and to enhance 
the productivity of intercepted precipitation. 
- The problems of salinity, alkalinity and drought. 
Collaboration is being sought with research institutions and 
universities in industrialized nations to use biotechnological ' 
innovations to identify stress-tolerant variants and to use 
them in breeding. 
- Collecting wild progenitors and land races from the 
threatened habitats. 
- The role of forage shrubs for stabilizing the steppes and 
increasing the sustainability of marginal lands. 
- Supplementation with locally available cottonseed cake, and 
improvement in digestibility through genetic selection. 
- Development of annual legumes for marginal land. 
- Measurement of water and wind erosion on arable and marginal 
land. 
- Management aspects of the genetic improvement of Awassi 
sheep. 
- Animal health. 
ICARDA identifies a number of potential collaborators for 
undertaking desirable research among sister CGIAR Centres, 
non-CGIAR Centres and agricultural institutions and 
universities. 
ICRISAT: ICRISAT considers that the following new projects should be 
implemented: 
- Investigation of residual (annual and cumulative) effects of 
phosphorus in cropping on alfisols and vertisols which are 
low in extractable phosphorus with the aim of balancing 
removal of nutrients with additions. 
- A number of projects relating to: water erosion effects on 
alfisol productivity; quantifying inherent physical 
characteristics of soil which affect water erosion in the 
SAT; management alternatives for shallow vertic soils; and 
wind erosion problems and management in sub-Saharan Africa 
with a view to developing conservation measures to minimize 
soil and water erosion. 
- Continuation of collection and characterization of germplasm 
from threatened areas. In this respect, ICRISAT notes that 
national governments should be more involved and that more 
time should be available for collection in remote areas and 
of specific wild species in isolated habitats. 
A-23 
- ICRISAT is planning to introduce monitoring of SO2 and 
particulate levels, on a regular basis. It sees a need for 
further evaluation of the effects of C02, SO and nitrogen 
oxides on plant growth, but lacks the expert 1 se. 
- Studies of the development of soil acidity in fragile soils 
in West Africa. 
- Agroclimatological analyses should be extended to East and 
Southern Africa in order to delineate similar climatic 
environments. 
- Biological productivity, soil erosion, runoff and light 
interception measures need analyses in order to develop 
tree/annual crop combinations which will withstand 
desertification processes in the sub-Saharan SAT. 
Desertification processes will receive greater attention in 
the future. / 
- Monitoring of diseases, pests, etc. will be continued. 
ICRISAT recommends similar programmes at other Centres and by 
national programmes at selected sites. 
- ICRISAT has a number of microeconomic studies based on 
village household panels that provide the basis for 
evaluating several sustainability issues ranging from changes 
in soil quality parameters in farmers' fields to trends in 
farm size and their consequences for technical change. 
- Studies on the frequency of use and supply of organic 
materials are being investigated with the idea of integrating 
use of fertilizer and organic materials as nutrient 
components in new technologies. 
- ICRISAT Centre is planning base research on trees and shrubs 
in support of ICRISAT Sahelian Centre applied research. Work 
on multistoried cropping trials and on measuring 
transpiration is needed. 
- Considerable work has been undertaken on the common factors 
(disease, pest, heat, drought, striga, mineral nutrition, 
etc.) of production for each of the mandate crops. Durable ^ 
resistance to insect pests and diseases is the major 
strategy. Research is long term. One hundred hectares at 
ICRISAT are kept free of all biocides. 
- Because consumer preferences probably vary significantly from 
region to region, ICRISAT considers that its scenario 
analysis of its mandate crops in SAT India should be repeated 
with more regional demand estimates. 
- Food grain policy data for West Africa are being analysed by 
ICRISAT and IFPRI with the idea of developing the elements 
for economically sustainable food grain policies. 
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Sustainability of agricultural production systems calls for 
diversification of cropping and departure from monoculture 
systems, as well as a search for better sources of resistance 
to biotic and abiotic stresses. ICRISAT considers that 
sustainability of cereals will depend on greater use of legumes 
in cropping systems as sequential crops or intercrops, and on 
the improvement of the whole cropping system, particularly the 
legume component. 
ICRISAT makes a number of suggestions about possible collaborators 
for undertaking future or desired work. It is stressed that the 
type of problem very definitely determines the appropriate 
collaborator(s). Institutions in both developed and developing 
countries are mentioned, as are multilateral organizations, 
bilateral assistance agencies, and both CGIAR and non-CGIAR 
Centres. 
IPPRX: - Data collection and analysis, as well as analysis of T' , individual commodities within the context of its Food Data 
Evaluation Programme where previous work has revealed some 
serious weaknesses. 
- Various aspects of the sustainability of irrigation systems 
in India, China, the Philippines and Zimbabwe emphasizing 
efficient financial management and resource mobilization. 
- Further work on institutional linkages and problems in 
implementing work already underway with the World Bank 
(African Study) and ACIAR on methods of testing commodity 
research priorities. Other areas could include land tenure 
studies, project appraised methodology and public expenditure 
analysis. 
- Studies of the feasibility of using food aid for infra- 
structure development and soil conservation. 
- Aspects of rural infrastructure in direct conjunction with 
agricultural technology and input distribution (China, 
India). 
hITA: IITA's Board of Trustees is discussing its new strategic plan. 
Its recommendations concerning future research related to 
sustainability issues are preliminary only, but it is expected 
that the focus will be as described below. 
- Resource Management Research Efforts: The sequence of 
research priorities will be: 1) the synthesis and on-farm 
validation of existing IITA resource management technologies 
such as alley farming that are appropriate for the transition 
zone and parts of the moist savanna; 2) the development of a 
research satellite in the humid forest zone and the initiation 
of an integrated research effort for base data analysis, 
technology development, testing and validation for the ecozone, 
emphasizing tree and root crop interactions; 3) base data and 
technology research on resource management for the inland 
wetland ecologies, emphasizing the parameters of resource 
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degradation under the conditions of sub-optimal water 
management that are likely to prevail in the immediate future, 
In addition, on-station research at Ibadan will focus on basid 
issues related to nutrient/water cycling and availability, 
modelling of crop/resource processes, basic studies on the 
control of important noxious weeds, and studies to determine 
soil, water, and radiation parameters in farming systems. It 
is anticipated that the principles established will be rele'v$titi 
for the transition zone as well as the humid forest and moist 
savanna regions of sub-Saharan Africa. 
- Future Commodity Improvement: High priority is given to 
incorporating disease and pest resistance into new improved 
cultivars. 
-- Rice Research Programme (RRP) would concentrate on plant 
breeding to develop varieties that can resist disease, pests 
and environmental problems. Research will focus on 
hydromorphic and inland valley swamp environments of West 
and Central Africa. 
-- Maize Research Programme (MRP) would concentrate on breediug 
of open pollinated and hybrid varieties for lowland moist 
savannaand humid environments of West and Central Africa. 
The research would endeavour to maintain stable resistan& 
to streak virus and to lowland rust and blight diseases. 
Resources would be allocated to breeding for resistance to 
stem borers in the humid forest environment, and to Strigi 
in the savanna zone. 
-- Grain Legume Improvement Programme (GLIP) would focus on 
cowpeas (for the next five years) with one breeder working 
on soybeans. Emphasis will be on plant resistance to ins&i 
pests and on a range of plant types for adaptation to 
cereal-based cropping systems. 
-- Root and Tuber Improvement Programme (TRIP) would devote it& 
core resources primarily to research on genetic improvement 
of cassava, and to a limited extent on yam, sweet potato and 
plantain. When resources are available, a cassava satelli& 
station will be established in the humid forest zone to 
undertake specific research on the crop in order to solve 
problems specific to the environment. 
ILCA could not specify its additional research efforts since it 
is still deciding on its future priorities for sustainability4 
It suggested, however, that the areas for future sustainability 
research are likely to be those described below. 
- Design of profitable but stabilizing role for livestock in 
the mixed farming systems of semi-arid sub-Saharan Africa. 
Collaboration with ICRISAT would be recommended. 
- ILCA should be able to devise a viable system for monitoring 
long-term trends in the potential productivity of rangelandsc 
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- Low-cost animal-drawn, locally-produced implements for 
constructing soil and moisture conservation ridges, bunds, 
etc. ILCA should focus its efforts on the integration of 
such implements into the livestock system and seek a partner 
institute to design and construct the implements themselves. 
- ILCA should continue investigating how the Zebu breed adapts 
to extreme water shortages. 
- ILCA should continue to focus efforts on the role of legumes 
and their positive effects on productivity, and on sustaining 
the nutrient status of the soil. 
ILRAD's future research should still concentrate on the search 
for more effective control measures for trypanosomiasis and 
theileriosis.. 
ILRAD recognizes that some aspects of its basic research 
programme can benefit from cooperation with research and 
control organizations in countries where the target diseases 
are endemic. Thus, ILRAD is increasing the scope of its 
collaborative research work with other organizations in Africa. 
- During recent reviews of ILRAD's research programme, it was 
stated that other tickborne diseases, particularly cowdriosis 
(heartwater) needed to be addressed, if the full benefits of 
future vaccination against theileriosis were to be realized. 
ILRAD considers that this aspect has a direct bearing on the 
sustainability of results from current research efforts, and 
is important for the sustainability of the benefits 
associated with the work of almost all CGIAR Centres. 
- ILRAD collaborates with several other organizations that seek 
its views and sometimes help to tackle disease problems. 
Areas directly relating to sustainability in IRRI's future 
research plans: 
- IRRI is involved in a methodology development study aimed at 
calling to the attention of national scientists, through 
INSURF (International Network on Soil Fertility and 
Sustainable Rice Farming), that research to prevent nutrient 
exhaustion is vital if production is to be sustained over 
time. 
- IRRI will continue the long-term fertility trial that 
monitors soil fertility changes and nutrient exhaustion under 
intensive rice cropping. 
- IRRI is increasingly concerned with the impact of biocides on 
target and non-target organisms. 
- Soil-physical and hydrological studies need to identify 
technologies for managing the alternation of rice and nonrice 
crops in wetland soils in order to achieve sustainable 
production at increased levels and over larger areas. 
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- IRRI is engaged in monitoring soil pH changes which influence 
the availability of soil nutrients. 
IRRI's holistic yet focussed farming systems research perspective 
offers a unique opportunity to address the issues of 
sustainability in a way that integrates technical and social 
options. This research approach provides a perspective on factors 
contributing to key sustainability problems in target rice 
environments and on how research designed to systematically solve 
these problems may be identified, prioritized and implemented. 
IRRI's work on sustainability will integrate expertise in a) rice 
improvement; b) rice crop management (including IPM); c) land 
management; and will incorporate d) a perspective of the needs and 
wants of rice-farming households; and e) price, market and policy 
related determinants. 
In the area of communication with other agencies and organizations, 
IRRI needs to carefully consider with what other agencies it should 
establish links. The International Soil Science Society formed a 
working group to develop firm programmes and communication lines 
with those engaged in monitoring nutrient status under continuous 
intensive cropping. IRRI is represented in this working group. 
ISNAR: For the future, ISNAR can more systematically reflect 
sustainability concerns in the drafting of the terms of reference 
of missions and in the appropriate choice of panel members. 
In the ordering of its research priorities, ISNAR may initiate a 
study on how sustainability concerns fit into different ways of 
organizing research and into various organizational structures, as 
well as considering what is necessary for ensuring that 
sustainability is adequately considered. 
WARDA: Since it is in the process of redefining its rice research 
programme, WARDA did not comment on this issue. 
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4, How non-CGIAR Centres could contribute to sustainability objectives 
- with particular reference to collaboration with CGIAR Centres 
AVRDC: To most effectively provide the answers that may be needed for 
a sustained food supply in the future, all Centres may need to 
visualize the conditions and problems that could prevail in the 
future. A part of each programme may need to be directed 
towards finding an appropriate solution to these possible 
scenarios. As population increases, will agriculture be pushed 
out to less desirable land, with less water of poorer quality, 
more expensive labour, capital and energy? 
AVRDC is involved in collaborative programmes with several 
CGIAR Centres: IITA, INTSOY (soybean network), CIP (sweet 
potato research and development), CIAT (snap bean), IRRI 
(cropping systems). 
Perhaps the unique expertise of each Centre could be channelled 
into special-purpose, global working groups with well defined 
goals, divisions of responsibility and communication linkages. 
This approach could be the most cost-effective way of 
addressing future needs, as it would be a problem-centred 
collaborative effort between scientists of all International 
Agricultural Research Centres. 
IBSRAM: IBSRAM will continue its present efforts among national 
research organizations to promote soil management technologies 
that have proven to be successful in CGIAR Centres and other 
research organizations and will help cooperators adapt these 
technologies to their local conditions. One of the criteria 
for the final adoption of a technology would be its 
sustainability and increased productivity. Such transfer and 
adaptation of technology is taking place in cooperation with 
ICRISAT, IITA, ICRAP, ILCA and IRRI, and also with TropSoils, 
CIRAD, ORSTOM and other bilateral research Centres. 
In carrying out its mandate, IBSRAM considers it is already 
contributing to sustainability goals and is successfully 
cooperating with a number of CGIAR Centres and other 
institutions as well as with bilateral organizations. It is 
open to any sound technology proposals provided by any 
organization. 
ICIPE: ICIPE is already collaborating with six of the CGIAR Centres. 
ICIPE teams are resident at both IRRI and IITA, and 
collaborative work is underway at ICRISAT, CIMMYT, ILCA and 
ILRAD. ICIPE considers that further strengthening of 
collaborative links with the CGIAR would help in achieving 
sustainability goals. 
Additional training efforts are needed to overcome the lack of 
adequately trained research scientists and scientific leader- 
ship for the extension of technology to users. Collaborative 
research needs to be intensified in the following areas: 
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- Plant resistance to insect pests with particular reference to 
the development of cultivars combining high pest resistance 
with agronomic and consumer-preferred characteristics. 
- Intercropping strategies with particular reference to the 
identification of inter-varietal combinations that would 
reduce the pest attack. 
- Biological control with particular reference to those aspects 
of the biology, behaviour and mass culture of the 
parasitoids, predators and pathogens that would enhance the 
efficacy of these organisms to control pests. 
ICRAF considers that its mandate is to fulfill three functions: 
provide leadership and guidance in the development, refinement 
and use of agroforestry research methods; act as an international 
Centre on agroforestry; and provide training for agroforestry 
scientists. 
- Collaboration with CGIAR Centres for the generation of 
agroforestry technologies addressing productivity and 
sustainability problems in African land use systems needs to be 
based on two principles: joint, inter-Centre analysis of land 
use problems; and complementarity in research leadership and 
implementation. 
- Joint cooperation with IITA, ICRISAT, ILCA, and ICRAF would be 
ideal. ICRAF proposes to lead and coordinate agroforestry 
research in the southern African woodland zone and the east 
African highland zone because there are no CGIAR Centres 
located there and because ICRAF has funds for such coordination 
work from CIDA and USAID. 
- ICRAF identified the following areas as needing additional 
research: 
-- The analysis of policy issues relevant to the adoption of 
more sustainable agroforestry production systems. 
-- The analysis of incentives and disincentives to 
agroforestry associated with ambiguous land and tree 
tenure in public lands. 
-- The identification of efficacious technology design and 
extension strategies encouraging farmers to adopt more 
sustainable production systems. 
-- Basic research into tree/soil interactions (this is one 
field where cooperation with CGIAR Centres may be 
appropriate). 
- ICRAF currently collaborates with CIAT, ICRISAT, ILCA and 
IITA in technology generation; and with IITA, IRRI, ICRISAT 
and CIMMYT in training. In the field of information ICRAF 
has established close links with ILCA, IITA and CIAT. 
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IFDC: 
- Future collaboration could follow two lines: ICRAF could act 
as a "service/resource" institution to IARCs involved in 
agroforestry research (IITA, ILCA, ICRISAT, CIAT, IRRI); and 
direct collaborative research programmes could be undertaken 
to generate agroforestry technologies for specific land use 
problems. 
Probably the best way for IFDC to contribute to the goals of 
sustainability would be to broaden its mandate to integrate 
nutrient management and work with the CGIAR Centres on this 
basis. Such broadening would require additional staff and 
funding, however. The principal reason for designating a 
coordinating Centre such as IFDC, is that the principles of 
nutrient management learned in one location can readily be 
utilized to solve similar problems elsewhere. 
IFDC has already made considerable progress in the development 
of a data base on the role of fertilizer priorities in cropping 
systems of the tropics and subtropics and on methodologies to 
extrapolate research results within this area. IFDC is 
interested in exploring the possibility of playing an even 
larger role in this regard and is offering to host an 
inter-Centre workshop on sustainability, if TAC concurs. 
Aware of the need to view fertilizers in the context of the 
natural resources available to the farmers, IFDC has sought 
linkages with other IARCs that can provide this framework. 
Despite the excellent results of such collaboration, IFDC has 
decided that in Africa, where ecosystems are particularly 
fragile, the creation of a regional centre that will take a 
broader look at integrated nutrient management is warranted. 
IIMI: Effective agriculture irrigation management largely determines 
the extent to which productivity gains are sustained. IIMI 
believes that the performance and sustainability of irrigation 
systems, and the agricultural systems they support, depends on 
the national irrigation agencies' capacity to manage those 
systems. IIMI's programme, described above, is designed to 
improve and enhance such capacity. 
These efforts are enhanced through collaboration with other 
CGIAR Centres. In 1987, IIMI was collaborating with: IRRI on 
sustainability issues within IRRI's Water Management Programme 
and IFPRI to explore the extent to which irrigation and its 
management can contribute to increasing food production in 
Africa. In 1988, IIMI envisages collaboration with IRRI and 
CIMMYT to examine how irrigation and its management can sustain 
the performance of irrigated rice and wheat crops when grown in 
rotation. 
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5. General comments concerning work on sustainability within the CGIAR 
System 
A few of the Centres added comments on other issues. What follows 
is a sampling of these comments on a wide range of issues. Most Centres 
agreed that sustainability was a dynamic concept. 
CGIAR Centres 
CIAT: The sustainability of production and the stimulation of production 
increases depend to a great extent on the concentration of 
available resources on the major constraints. Helping national 
authorities to properly identify constraints and cooperate in the 
search for solutions is an important step in this context. 
CIMMYT: The key issue is to increase the national systems' awareness of 
sustainability research. This must go hand-in-hand with policy 
decisions affecting long-term sustainability. 
International Centres must be prepared to respond to the requests 
and needs of national systems with an integrated interdiciplinary 
team approach. Sustainability research can be conducted on a crop 
or cropping system basis, but cannot be achieved by one discipline 
in isolation. 
ICARDA: Although factors causing genetic erosion are fairly well known, 
much less accurate information is available about the actual rate 
of genetic erosion of certain crops and their wild progenitors, 
the genetic bases of adaptation, yield stability, tolerance to 
biotic and abiotic stresses, etc. under traditional farming 
conditions. The main factors maintaining the genetic diversity 
under such conditions are also not sufficiently understood. The 
following should, therefore, be considered as topics for 
additional research: 
- Surveys, using an agroecological approach, to explore the actual 
primary and secondary gene pools for the ICARDA- mandated crops, 
both within and beyond the ICARDA region. 
- Genetic studies on the different factors determining crop 
evolution including the rate of gene flow between crops and 
their wild progenitors. 
- Studies on the relevance and applicability of dynamic techniques 
in genetic maintenance (e.g. protected areas, evolution gardens). 
The term "sustainability" can easily be stretched to embrace all 
activities and to justify their priority in the System. ICARDA 
has endeavoured to stress the important parameters which can 
effectively hinder sustainability in the physical, chemical and 
biological components of production. The socioeconomic and socio- 
political factors have not been touched on, nor the need to develop 
human resources. The Centre proposes to attack the problems of 
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IFPRI: 
sustainability through a four-pronged strategy: 1) breeding stress- 
tolerant varieties; 2) developing cereal- livestock systems for 
different agroecological zones; 3) acquiring the knowledge needed 
to promote more rational utilization and management of soils and 
water; and 4) given the fragile nature of much of the terrain in 
this region, more effort on developing an integrated strategy for 
the conservation and enhancement of the natural environment. 
Within the CGIAR System, IFPRI holds a unique position and works 
not simply within its own mandate, but complements other 
components of the System. If the sustainability issue is a 
continuing priority, then the CGIAR System should play a more 
active part in devising and evaluating potentially sustainable 
agricultural systems. In undertaking such a broadly-based 
project, tasks could be tackled individually by Centres (depending 
on their area 'of expertise) or jointly, which may require some 
restructuring of staff and programmes and some resource-shifts. 
In developing ideas for continued and increased work, priority 
should be given to the development of appropriate technologies and 
sustainable farming systems for given agroecological zones. 
TAC should consider the explicit role and project priorities of 
IFPRI in the sustainability issue with IFPRI's senior management. 
ILCA: ILCA had two general comments: 
- While the good reasons that TAC had for defining "sustainability" 
in terms of "potential production possibilities" rather than 
"current production levels" are appreciated, in practice, it 
would be extremely difficult to measure‘anything other than 
"actual" levels. TAC may have retained its own intellectual 
purity by its definition but this may have been at the cost of 
making the actual comparisons which will take place rather 
"unreal" and subject to controversy. 
- If the IARCs are going to give priority to "sustainability" they 
are going to need some assurance that their effort will be 
properly recognized. As an illustration of this issue we record 
here a remark made in response to the proposal for developing a 
sustainable farming system in semi-arid sub-Saharan Africa as a 
priority programme: "If ILCA is to survive its next EPR, it must 
demonstrate visible impact. Attempts to develop sustainability 
in farming systems in semi-arid areas have gone on for at least 
fifty years and have been the graveyard of many scientists' 
reputations." That is a sentiment that TAC might reflect on and 
consider how to make the CGIAR donors give adequate recognition 
to successes in "sustainability" as well as in "green 
revolutions". 
IRRI: Research and technologies directed towards sustainability need to 
be monitored over the years with the recognition that there may be 
no spectacular or rapid results from the study. 
IRRI must continue to focus on those areas where it can play both 
catalytic and complementary roles that will benefit the rice 
world. 
A-33 
Non-CGIAR Centres 
AVEDC: Sustainability must be accomplished at least cost to the 
environment; therefore issues of future production probabilities 
on poorer quality land, less and poorer quality water, more 
expensive energy, labour, and capital must, therefore, be 
addressed. Since most of the world's food is produced by small 
farmers, little improvement can be expected unless income 
generation incentives are provided at the national level. 
IBSRAM: Sustainability is not an abstract consideration. It concerns the 
application of a given system to a given environment and is a key 
issue in the development of agriculture in the tropics especially 
in marginal areas. 
ICRAF: Sustainability issues are integral parts of virtually all ICRAF's 
activities because of its philosophy that agroforestry has the 
potential to sustain crop and animal productivity. In its work, 
ICRAF looks at sustainability from a number of angles, the most 
obvious one being the exploitation of trees for sustaining soil 
productivity (fertility levels, prevention of erosion, etc.). In 
a wider sense, however, the potential role of agroforestry in 
sustaining the carrying capacity of land use systems under 
increasing population pressure is important. Trees can play both 
an ecological role and an economic role in intensifying land use. 
IIMI: - Sustainability workshop: In collaboration with other 
international and national Centres, IIMI would like to 
organize and host an international workshop entitled "The 
Contribution of Irrigation to Sustained Agricultural 
Development" in 1988. It is currently exploring prospects for 
financing it. 
- Sustainability and institutional capacity: Issues of 
sustainability are closely linked to the capacity of 
institutions in countries or regions to plan and carry out 
development activities. Irrigation is an excellent example. 
Irrigation systems functioning in societies with effective 
institutions are much more likely to produce sustainable 
benefits. This institutional capacity is frequently stronger 
among farmer-based organizations than at national levels. 
- Sustainability and manageability: Experience of the CGIAR 
Centres has shown that an irrigated environment produces much 
larger yield gains from the new technology than a rainfed one, 
but the full value of irrigation is realized only when the 
system and the people working with it are well managed. 
Because of a number of socioeconomic reasons, many irrigation 
systems today and the institutions related to them are 
virtually unmanageable, resulting in variable and only 
short-term benefits. qield gains sustained over long periods 
will come from closer management of the agricultural system 
and its irrigation system. 
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ANNEX II 
ACRONYMS AND ABBREVIATIONS 
AVRDC 
CASAFA 
CGIAR 
CIAT 
CIDA 
CIMMYT 
CIP 
CIRAD 
FAO 
GDP 
IARC 
IBN 
IBPGR 
IBSRAM 
ICARDA 
ICRAF 
ICIPE 
ICRISAT 
ICSU 
IFDC 
IFPRI 
IIMI 
IITA 
ILCA 
ILRAD 
INTSOY 
IPM 
IRRI 
ISNAR 
IUBS 
LDC 
OFR 
Asian Vegetable Research and Development Center 
Commission on the Application of Science to Agriculture, 
Forestry and Aquaculture 
Consultative Group on International Agricultural Research 
Centro International de Agricultura Tropical 
Canadian International Development Agency 
Centro International de Mejoramiento de Maiz y Trigo 
Centro International de la Papa 
Centre de Coop6ration Internationale en Recherche Agronomique 
pour le D6veloppement 
Food and Agriculture Organization of the United Nations 
Gross Domestic Product 
International Agricultural Research Centre 
International Biosciences Network 
International Board for Plant Genetic Resources 
International Board for Soil Research and Management 
International Center for Agricultural Research in the Dry Areas 
International Council for Research in Agroforestry 
International Center for Insect Physiology and Ecology 
International Crops Research Institute for the Semi-Arid Tropics 
International Council of Scientific Unions 
International Fertilizer Development Center 
International Food Policy Research Institute 
International Irrigation Management Institute 
International Institute of Tropical Agriculture 
International Livestock Center for Africa 
International Laboratory for Research on Animal Diseases 
International Soybean Program 
Integrated Pest Management 
International Rice Research Institute 
International Service for National Agricultural Research 
International Biosciences Network 
Least Developed Country 
On-farm research 
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ORSTOM Office de la Recherche Scientifique et Technique Outre-Mer 
TAG Technical Advisory Committee to the CGIAR 
rfNDP United Nations Development Programme 
UNEP United Nations Environmental Programme 
UNESCO United Nations Educational, Scientific and Cultural Organization 
USAID United States Agengy for International Development 
WARM West Africa Rice Development Association 
